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DESCRIPTION 

DISPLAY APPARATUS , DISPLAY METHOD, PROGRAM, AND 
RECORDING MEDIUM 

Technical Field 
[0001] 

The present invention relatestoa display apparatus , 
a display method, a program, and a recording medium for 
making one pixel displayable in four colors, that is, 
three primary colors and a white color, and inputting 
and displaying chrominance signals corresponding to a 
mixing ratio of the above-mentioned four colors. 

Background Art 
[0002] 

CRT, LCD (Liquid Crystal Device), DLP ( Digital Light 
Processing Device) , PDP, and the like are used as devices 
for color display, and RGB (red, green, and blue) three 
primary colors are used as general fundamental colors. 
On the other hand, white is also added in a part of LCD 
displays and DLP projectors to emphasize brightness. 
[0003] 

That is, a display apparatus in which one pixel can 
display the color of four colors of R (red) , G (green) , 
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B (blue) , and W (white) , and which displays RGB signals, 
which are inputted, by mixing the color of these four 
colors is used (e.g., refer to Japanese Patent Laid-Open 
No. 5-241551, and A. Kunzman and G. Pettitt, "White 
Enhancement for Col or- Sequent ial DLP" , SID International 
Symposium Digest of Technical Papers, USA, SID (Society 
for Information Display) , May, 1998, Vol 29, pp. 121-124 ) . 
A display apparatus which displays one pixel in the color 
of four colors of RGBW in this way is used, for example 
in a direct-view liquid crystal display apparatus, a DLP 
projector, or the like. For example, a four-color wheel 
of RGBW is used in a field-sequential system of one-chip 
DLP data projector which uses a color wheel . In addition, 
four display elements, which can display four colors of 
RGBW, per pixel are used in a liquid crystal display 
apparatus . 
[0004] 

By displaying each pixel not only using RGB but using 
W, in comparison with the case of displaying only by RGB, 
it is possible to perform bright display, to increase 
contrast, and to reduce the consumed power of a lamp when 
brightness is same. 
[0005] 

The structure of such a conventional display 
apparatus 51 is shown in Figure 28. 
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[0006] 

The display apparatus 51 is constituted of white color 
component detection instrument 7 , white display element 
driving instrument 8, a white display unit 9, RGB display 
element driving instrument 10, and an RGB display unit 
11 . 

[0007] 

The white color component detection instrument 7 is 
the instrument which detects a white color component from 
RGB signals inputted. 
[0008] 

The white display element driving instrument 8 is 
the instrument which drives the white display unit 9 in 
order to display a white color component detected by the 
white color component detection instrument 7 . 
[0009] 

The white display unit 9 is the instrument which 
displays a white color component by being driven by the 
white display element driving instrument 8 . 
[0010] 

The RGB display element driving instrument 10 is the 
instrument which drives the RGB display unit 11 in order 
to display the RGB signals inputted. 
[0011] 



L 
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The RGB display unit 11 is the instrument which 
displays RGB components by being driven by the RGB display 
element driving instrument 10. 
[0012] 

Screen structure in the case that the display 
apparatus 51 is a liquid crystal display apparatus is 
shown in Figure 29. Reference numeral 52 denotes a basic 
unit which constitutes one pixel, and is constituted of 
four liquid crystal cells which can independently control 
the extent of transmission of white light exposed from 
the back. Then, the four color filters of R, G, B, and 
W are located to these four liquid crystal cells, 
respectively. In this way, when the display apparatus 
51 is a liquid crystal display apparatus, a screen of 
the RGB display unit 11 and white display unit 9 has 
structure as shown in Figure 29. 
[0013] 

In addition, when being a DLP projector, the display 
apparatus 51 has the structure that four colors of RGBW 
are time-sequentially switched and is displayed in one 
pixel of the screen while synchronizing with a color wheel . 
Thus, when the display apparatus 51 is a DLP projector, 
the RGB display unit 11 and white display unit 9 are 
constituted of the color wheel, DMD (Digital Micromirror 
Device), and the like. 
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[0014] 

Next, the operation of such the conventional display 
apparatus 51 will be explained. 
[0015] 

The RGB signals inputted from an apparatus, which 
displays an image on the display apparatus 51, such as 
a personal computer, DVD equipment, or a TV receiver are 
inputted into the RGB display element driving instrument 
10 and white color component detection instrument 7. 
[0016] 

The RGB display element driving instrument 10 
generates drive signals of the RGB display unit 11 in 
order to display the RGB signals inputted, and drives 
the RGB display unit 11 with the drive signals. 
[0017] 

On the other hand, the white color component detection 
instrument 7 detects a white color component from the 
RGB signals inputted, and outputs the white color 
component to the white display element driving instrument 
8. The white display element driving instrument 8 
generates a drive signal of the white display unit 9 in 
order to display the white color component from white 
color component detection instrument 7, and drives the 
white display unit 9 with the drive signal. 
[0018] 
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The RGB display unit 11 displays three colors of R, 
G, and B by being driven by the RGB display element driving 
instrument 10. On the other hand, the white display unit 
9 displays one color of W by being driven by the white 
display element driving instrument 8. 
[0019] 

Since the white by the white display unit 9 is added 
to the white by the RGB display unit 11 in the display 
apparatus 51, brightness becomes nearly twice in 
comparison with the case of only the RGB display unit 
11 . 

[0020] 

In this way, the display apparatus 51 can achieve 
the display of a full color image whose brightness and 
contrast are increased by four colors of the three primary 
RGB colors and white color, 
[0021] 

Nevertheless, in the display apparatus 51, a 
luminance ratio of white to RGB becomes nearly two times 
as large also using the white display unit 9 in compared 
with the case of only the RGB display unit 11. In 
consequence, the difference in brightness between white 
and normal color may become so large that, it may be apart 
from the sense of brightness which the brain stores, and 
sense of incongruity may be felt as to the way those colors 



appear . Thus , the brightness of image portions of colors 
other than white becomes dark relatively in comparison 
with the brightness of a white portion . As a result , since 
the brightness of some colors is much different from that 
of a white portion, the colors appear differently, and 
hence, sense of incongruity arises. 
[0022] 

Since the luminance ratio of white and bright yellow 
becomes large in particular, yellow looks darker and the 
difference from the memory color of yellow becomes large, 
and hence, the sense of incongruity becomes large . Thus , 
as shown in Figure 30, when pixels 14 in pastel yellow 
which are bright yellow, and pixels 13 in white which 
are white are displayed on the display screen, the bright 
yellow looks darker due to the contract with the white 
and the bright yellow may appear greenish . Such the sense 
of incongruity arises similarly also in bright cyan or 
bright magenta. 
[0023] 

Thus, a display apparatus in which one pixel can be 
displayed in the color of four colors, that is, the three 
primary colors and a white color, and which inputs and 
displays chrominance signals corresponding to the mixing 
ratio of the color of the four colors has a problem that 
the brightness of colors may be apart from those which 
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a brain stores when the difference in brightness between 
white and normal colors becomes large, and the sense of 
incongruity may be felt as to the way normal colors appear . 

Disclosure of the Invention 
[0024] 

The present invention aims at providing a display 
apparatus, a display method, a program, and a recording 
medium capable of decreasing the sense of incongruity 
of the visual aspect of color in consideration of the 
above-mentioned problem. 
[0025] 

In order to solve the problem mentioned above, the 
first present invention is a display apparatus which makes 
one pixel displayable in four colors, that is, three 
primary colors and a white color, and inputs and displays 
chrominance signals corresponding to a mixing ratio of 
said four colors, comprising: 

color correction instrument which performs a first 
color correction of increasing the saturation of said 
chrominance signals and a second color correction of 
increasing a white color component of said chrominance 
signals, when a predetermined color component exists in 
said chrominance signals corresponding to said pixel; 
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selection instrument which switches temporally a 
first chrominance signal obtained by said first color 
correction, and a second chrominance signal obtained by 
said second color correction, and selects either; and 

display instrument which displays the chrominance 
signal, which is selected, in said pixel. 
[0026] 

In addition, the second present invention is a display 
apparatus which makes one pixel display able in four colors, 
that is, three primary colors and a white color , and inputs 
and displays chrominance signals corresponding to a 
mixing ratio of said four colors, comprising: 

color correction instrument which performs a first 
color correction of increasing saturation of said 
chrominance signals and a second color correction of 
increasing a white color component of said chrominance 
signals, when a predetermined color component exists in 
said chrominance signals corresponding to said pixel; 

height generation instrument which gives, when there 
is a region where a plurality of pixels having said 
predetermined color component exist adjacently, at least 
height difference in saturation to said region by using 
either of first chrominance signals obtainedby said first 
color correction, and second chrominance signals obtained 
by said second color correction; and 
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display instrument which displays said region where 
at least said height difference in saturation is given. 
[0027] 

In addition, the third present invention is the 
display apparatus according to the first or the second 
present invention, wherein said predetermined color is 
yellow, magenta, or cyan. 
[0028] 

In addition, the fourth present invention is the 
display apparatus according to the first or the second 
present invention, wherein said three primary colors are 
red, green, and blue. 
[0029] 

In addition, the fifth present invention is the 
display apparatus according to the first or the second 
present invention, wherein said chrominance signals are 
RGB signals. 
[0030] 

In addition, the sixth present invention is the 
display apparatus according to the fifth present 
invention, wherein, 

when said predetermined color is yellow, said color 
correction instrument performs said first color 
correction by decreasing a value of a B signal of said 
chrominance signals and performs said second color 



correction by increasing a B signal of said chrominance 
signals, when a yellow color component exists in said 
chrominance signals corresponding to said pixel. 
[0031] 

In addition, the seventh present invention is the 
display apparatus according to the first present 
invention wherein said selection instrument switches 
temporally and selects either said first chrominance 
signal or said second chrominance signal using a signal 
of determining the timing when said display instrument 
performs display in said pixel. 
[0032] 

In addition, the eighth present invention is the 
display apparatus according to the second present 
invention, wherein said height generation instrument 
gives at least height difference in saturation to said 
region using a signal of determining timing when said 
display instrument performs display in said pixel. 
[0033] 

Furthermore , the ninth present invention is a display 
method of making one pixel displayable in four colors, 
that is, three primary colors and a white color, and 
inputting and displaying chrominance signals 
corresponding to a mixing ratio of said four colors, 
comprising : 



a color correction step of performing a first color 
correction of increasing the saturation of said 
chrominance signals and a second color correction of 
increasing a white color component of said chrominance 
signals, when a predetermined color component exists in 
said chrominance signals corresponding to said pixel; 

a selection step of switching temporally a first 
chrominance signal obtained by said first color 
correction, and a second chrominance signal obtained by 
said second color correction, and selecting either; and 
a display step of displaying the chrominance signal, 
which is selected, in said pixel. 
[0034] 

Furthermore, the tenth present invention is a display 
method of making one pixel displayable in four colors, 
that is, three primary colors and a white color, and 
inputting and displaying chrominance signals 
corresponding to a mixing ratio of said four colors, 
comprising : 

a color correction step of performing a first color 
correction of increasing saturation of said chrominance 
signals and a second color correction of increasing a 
white color component of said chrominance signals, when 
a predetermined color component exists in said 
chrominance signals corresponding to said pixel; 
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a height generation step of giving, when there is 
a region where a plurality of pixels having said 
predetermined color component exists adj acently, at least 
height difference in saturation to said region by using 
either of first chrominance signals obtained by said first 
color correction, and second chrominance signals obtained 
by said second color correction; and 

a display step of displaying said region where, at 
least the height difference in saturation is given. 
[0035] 

In addition, the eleventh present invention is a 
program for making a computer function as color correction 
instrument which performs the first color correction of 
increasing the saturation of said chrominance signals 
and the second color correction of increasing a white 
color component of said chrominance signals, when a 
predetermined color component exists in said chrominance 
signals corresponding to said .pixel, and 

selection instrument which switches temporally a 
first chrominance signal obtained by said first color 
correction, and a second chrominance signal obtained by 
said second color correction, and selects either, in the 
display apparatus according to the first present 
invention . 
[0036] 
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In addition, the twelfth present invention is a 
program for making a computer function as: 

color correction instrument which performs a first 
color correction of increasing saturation of said 
chrominance signals and a second color correction of 
increasing a white color component of said chrominance 
signals, when a predetermined color component exists in 
said chrominance signals corresponding to said pixel; 
and 

height generation instrument which gives, when there 
is a region where a plurality of pixels having said 
predetermined color component exists adj acently , at least 
height difference in saturation to said region by using 
either of first chrominance signals obtainedby said first 
color correction, and second chrominance signals obtained 
by said second color correction, in the display apparatus 
according to the second present invention. 
[0037] 

In addition, the thirteenth present invention is a 
recording medium which bears the program according to 
the eleventh or the twelfth present invention and can 
be processed by a computer. 
[0038] 

Moreover, the fourteenth present invention is a 
display apparatus which makes one pixel displayable in 
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four colors, that is, three primary colors and a white 
color, and inputs and displays chrominance signals 
corresponding to a mixing ratio of said four colors, 
comprising : 

color detection instrument which detects whether a 
predetermined color component is included in each 
chrominance signal corresponding to. each pixel in a 
predetermined region; 

color correction instrument which performs a first 
color correction of increasing the saturation of said 
chrominance signals and creating said first chrominance 
signal, and a second color correction of increasing a 
white color component of said chrominance signals and 
creating a second chrominance signal, 

control instrument which performs the color 
correction of a chrominance signal, including said 
predetermined color component, by said color correction 
instrument, and performs control so that said first 
chrominance signal and said second chrominance signal 
may be displayed spatially in turn in every predetermined 
plural pixel units, which are horizontally and/or 
vertically adjacent, in said predetermined region; and 

display instrument which displays said first 
chrominance signal, said second chrominance signal, or 
a chrominance signal, which is not given said color 



- 16 - 

correction, in said pixel on the basis of said control 

instrument . 

[0039] 

In addition, the fifteenth present invention is the 
display apparatus according to the fourteenth present 
invention wherein said every predetermined plural pixel 
units is every two pixel units. 
[0040] 

Furthermore, the sixteenth present invention is the 
display apparatus according to the fourteenth present 
invention, wherein "performing control so as to be 
displayed spatially in turn in every predetermined plural 
pixel units which are horizontally adjacent" means 
switching and selecting said first chrominance signal 
and said second chrominance signal in every said 
predetermined plurality of dot clock signals for 
determining display timing of every pixel in said 
predetermined region • 
[0041] 

Moreover, the seventeenth present invention is the 
display apparatus according to the fourteenth present 
invention, wherein "performing control so as to be 
displayed spatially in turn in every predetermined plural 
pixel units which are vertically adjacent" means 
switching and selecting said first chrominance signal 
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and said second chrominance signal every said 
predetermined plurality of horizontal periods in said 
predetermined region . 
[0042] 

In addition, the eighteenth present invention is the 
display apparatus according to the fourteenth present 
invention wherein said control instrument performs 
control so that said first chrominance signal and said 
second chrominance signal may be displayed in a pixel 
of said predetermined region in turn temporally. 
[0043] 

Furthermore, the nineteenth present invention is the 
display apparatus according to the fourteenth present 
invention, wherein said control instrument performs 
control so that a chrominance signal which does not include 
said color component may be displayed without performing 
said color correction, and 

where "performing control so as to be displayed in 
turn spatially" is "performing control so as to be 
displayed in turn spatially, where it is assumed that 
all the chrominance signals displayed in a pixel of said 
predetermined region include said predetermined color 
component" . 
[0044] 
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Moreover, the twentieth present invention is the 
display apparatus according to the fourteenth present 
invention, wherein said predetermined color component 
is yellow, magenta, or cyan. 
[0045] 

In addition, the twenty-first present invention is 
the display apparatus according to the fourteenth present 
invention, wherein said three primary colors are red, 
green, and blue. 
[0046] 

Furthermore, the twenty-second present invention is 
the display apparatus according to the fourteenth present 
invention, wherein said chrominance signals are RGB 
signals. 
[0047] 

Moreover, the twenty-third present invention is the 
display apparatus according to the twenty-second present 
invention, wherein, when said predetermined color 
component is yellow, said color correction instrument 
performs said first color correction by decreasing a value 
of a B signal of said chrominance signal and performs 
said second color correction by increasing the B signal 
of said chrominance signal, when a yellow color component 
exists in said chrominance signals corresponding to said 
pixel. 
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In addition, the twenty-fourth present invention is 
a display method using a display apparatus which makes 
one pixel displayable in four colors, that is, three 
primary colors and a white color, and inputs and displays 
chrominance signals corresponding to a mixing ratio of 
said four colors, comprising: 

a color detection step of detecting whether a 
predetermined color component is included in each 
chrominance signal corresponding to each pixel in a 
predetermined region; 

a color correction step of performing a first color 
correction of increasing the saturation of said 
chrominance signals and creating said first chrominance 
signal, and a second color correction of increasing a 
white color component of said chrominance signals and 
creating a second chrominance signal, 

a control step of performing said color correction 
of a chrominance signal, including said predetermined 
color component, and performing control so that said first 
chrominance signal and said second chrominance signal 
may be displayed spatially in turn in every predetermined 
plural pixel units, which are horizontally and/or 
vertically adjacent, in said predetermined region; and 
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a display step of displaying said first chrominance 
signal, said second chrominance signal, or a chrominance 
signal which is not given said color correction, in said 
pixel on the basis of said control . 
[0049] 

In addition, the twenty-fifth present invention is 
a program for making a computer execute: 

a color detection step of detecting whether a 
predetermined color component is included in each 
chrominance signal corresponding to each pixel in a 
predetermined region; 

a color correction step of performing a first color 
correction of increasing the saturation of said 
chrominance signals and creating said first chrominance 
signal, and a second color correction of increasing a 
white color component of said chrominance signals and 
creating a second chrominance signal; and 

a control step of performing said color correction 
of a chrominance signal, including said predetermined 
color component, and performing control so that said first 
chrominance signal and said second chrominance signal 
may be displayed spatially in turn in every predetermined 
plural pixel units, which are horizontally and/or 
vertically adjacent, in said predetermined region, of 
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the display method according to the twenty-fourth present 

invention . 

[0050] 

In addition, the twenty-sixth present invention is 
a recording medium which bears the program according to 
the twenty-fifth present invention, and is the recording 
medium which can be processed by a computer. 
[0051] 

Furthermore, the twenty-seventh present invention 
is a display apparatus which makes one pixel displayable 
in four colors, that is, three primary colors and a white 
color, and inputs and displays chrominance signals 
corresponding to a mixing ratio of said four colors, 
comprising : 

color detection instrument which detects whether a 
predetermined color component is included in each 
chrominance signal corresponding to each pixel in a 
predetermined region; 

color correction instrument which performs a first 
color correction of increasing the saturation of said 
chrominance signals and creating a first chrominance 
signal, and a second color correction of increasing a 
white color component of said chrominance signals and 
creating a second chrominance signal; 
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judgment instrument which judges whether a plurality 
of chrominance signals displayed in a pixel of said 
predetermined region fulfills a predetermined condition; 

control instrument which performs the color 
correction of chrominance signals including said 
predetermined color component by said color correction 
instrument when not fulfilling said predetermined 
condition; and 

display instrument which displays said first 
chrominance signal, said second chrominance signal, or 
a chrominance signal which is not given said color 
correction, in a pixel of said predetermined region on 
the basis of said control instrument. 
[0052] 

In addition, the twenty-eighth present invention is 
the display apparatus according to the twenty-seventh 
present invention, wherein said predetermined condition 
is a condition that chrominance signals, including said 
predetermined color component, are not displayed in two 
or more adjoining pixels spatially. 
[0053] 

Furthermore, the twenty-ninth present invention is 
the display apparatus according to the twenty-seventh 
present invention, wherein said predetermined condition 
is a condition that when a chrominance signal which does 
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not include said color component is displayed without 
performing said color correction, and about the 
chrominance signals including said color component, said 
first chrominance signal and said second chrominance 
signal are displayed in turn spatially in a state that 
assumes that all the chrominance signals displayed in 
a pixel of said predetermined region include the 
predetermined color component and, either of an area where 
said first chrominance signal is displayed, and an area 
where said second chrominance signal is displayed is 
larger by 5% or more than the other. 
[0054] 

Moreover, the thirtieth present invention is the 
display apparatus according to the twenty- seventh present 
invention, wherein said predetermined condition is a 
condition that, when a chrominance signal which does not 
include said color component is displayed without 
performing said color correction, and concerning a 
chrominance signals which include said color component, 
said first chrominance signal and said second chrominance 
signal are displayed in turn spatially in a state that 
assumes that all the chrominance signals displayed in 
a pixel of said predetermined region include the 
predetermined color component, either said first 
chrominance signal or said second chrominance signal is 
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displayed except a chrominance signal which is not given 

said color correction. 

[0055] 

In addition, the thirty-first present invention is 
the display apparatus according to the twenty-eighth 
present invention, wherein, when said predetermined 
condition is not fulfilled, said control instrument 
performs control so that said first chrominance signal 
and said second chrominance signal may be displayed in 
turn spatially in every pixel unit or in every plural 
pixel units in said predetermined region. 
[0056] 

Furthermore, the thirty-second present invention is 
the display apparatus according to the twenty-ninth or 
thirtieth present invention, wherein, when said 
predetermined condition is not fulfilled, said control 
instrument performs control so that said first 
chrominance signal and said second chrominance signal 
may be displayed in turn spatially in every pixel unit 
in said predetermined region in a state that assumes that 
all the chrominance signals displayed in a pixel of said 
predetermined region include the predetermined color 
component . 
[0057] 



Moreover, the thirty-third present invention is the 
display apparatus according to the thirty-second present 
invention, wherein, when said predetermined condition 
is fulfilled, said control instrument performs control 
so that concerning a chrominance signal which does not 
include said color component, said control instrument 
does not perform said color correction, and concerning 
the chrominance signals which include said color 
component, said first chrominance signal and said second 
chrominance signal may be displayed in turn spatially 
in every plural pixel units in said predetermined region 
in a state that assumes that all the chrominance signals 
displayed in a pixel of said predetermined region include 
the predetermined color component. 
[0058] 

In addition, the thirty-fourth present invention is 
the display apparatus according to the thirty-first 
present invention, wherein said control instrument has 
switching signal generating instrument which generates 
such a switching signal that said first chrominance signal 
and said second chrominance signal may be displayed in 
turn in every pixel unit or in every plural pixel units, 
and 

wherein performing control so as to be displayed in 
turn spatially is selecting said first chrominance signal 
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and said second chrominance signal in turn on the basis 

of said switching signal. 

[0059] 

Furthermore, the thirty-fifth present invention is 
the display apparatus according to the thirty-second 
present invention, wherein the control instrument has 
switching signal generating instrument which generates 
such a switching signal that said first chrominance signal 
and said second chrominance signal may be displayed in 
turn in every pixel unit, and 

wherein performing control so as to be displayed in 
turn spatially is selecting said first chrominance signal 
and said second chrominance signal in turn on the basis 
of said switching signal, in a state that assumes that 
all the chrominance signals displayed in a pixel of said 
predetermined region include the predetermined color 
component . 
[0060] 

Moreover, the thirty-sixth present invention is the 
display apparatus according to the thirty-third present 
invention, wherein said control instrument has: 

first switching signal generating instrument which 
generates a first switching signal so that said first 
chrominance signal and said second chrominance signal 
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may be displayed in turn in every pixel unit in a pixel 
of a predetermined region; 

second switching signal generating instrument which 
generates a second switching signal so that said first 
chrominance signal and said second chrominance signal 
may be displayed in turn in every plural pixel units in 
a pixel of a predetermined region; and 

switching signal selection instrument which selects 
said first switching signal when said predetermined 
condition is not fulfilled, and selects said second 
switching signal when said predetermined condition is 
fulfilled, and 

wherein performing control so as to be displayed in 
turn spatially is selecting said first chrominance signal 
and said second chrominance signal in turn on the basis 
of said first switching signal or said second switching 
signal, in a state that assumes that all the chrominance 
signals displayed in a pixel of said predetermined region 
include the predetermined color component. 
[0061] 

In addition, the thirty-seventh present invention 
is the display apparatus according to the thirty-fourth 
or thirty-f i f th present invention, wherein said switching 
signal is a signal using a signal which determines the 
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timing of said display instrument which displays in said 
pixel . 
[0062] 

Furthermore, the thirty-eighth present invention is 
the display apparatus according to the thirty-sixth 
present invention, wherein said first switching signal 
and said second switching signal are signals using a signal 
which determines the timing of said display instrument 
which displays in said pixel. 
[0063] 

Moreover, the thirty-ninth present invention is the 
display apparatus according to the twenty- seventh present 
invention, wherein said control instrument performs 
control so that said first chrominance signal and said 
second chrominance signal are displayed in a pixel of 
said predetermined region in turn temporally. 
[0064] 

In addition, the fortieth present invention is the 
display apparatus according to the twenty-seventh present 
invention, wherein the color around said predetermined 
region is white . 
[0065] 

Furthermore, the forty-first present invention is 
the display apparatus according to the twenty-seventh 



present invention, wherein said predetermined color 

component is yellow, magenta, or cyan. 

[0066] 

Moreover, the forty-second present invention is the 
display apparatus according to the twenty-seventh present 
invention, wherein said three primary colors are red, 
green, and blue. 
[0067] 

In addition, the forty-third present invention is 
the display apparatus according to the twenty-seventh 
present invention, wherein said chrominance signals are 
RGB signals. 
[0068] 

Furthermore, the forty-fourth present invention is 
the display apparatus according to the forty-third 
present invention, wherein said predetermined color 
component is yellow; and 

wherein said color correction instrument performs 
said first color correction by decreasing a value of a 
B signal of said chrominance signals, and performs said 
second color correction by increasing a value of the B 
signal of said chrominance signals. 
[0069] 

Moreover, the forty-fifth present invention is a 
display method using a display apparatus which makes one 
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pixel displayable in four colors, that is, three primary 
colors and a white color, and inputs and displays 
chrominance signals corresponding to a mixing ratio of 
said four colors, comprising: 

a color detection step of detecting whether a 
predetermined color component is included in each 
chrominance signal corresponding to each pixel in said 
predetermined region; 

a color correction step of performing a first color 
correction of increasing the saturation of said 
chrominance signals and creating a first chrominance 
signal, and a second color correction of increasing a 
white color component of said chrominance signals and 
creating a second chrominance signal; 

a judgment step of judging whether a plurality of 
chrominance signals displayed in a pixel of said 
predetermined region fulfill a predetermined condition; 

a control step of performing control so as to perform 
the color correction of chrominance signals including 
said predetermined color component when not fulfilling 
said predetermined condition; and 

a display step of displaying said first chrominance 
signal, said second chrominance signal, or a chrominance 
signal which is not given said color correction, in a 



pixel of said predetermined region on the basis of said 

control . 

[0070] 

In addition, the forty-sixth present invention is 
a program for making a computer execute: 

the color detection step of detecting whether a 
predetermined color component is included in each • 
chrominance signal corresponding to each pixel in said 
predetermined region; 

the color correction step of performing the first 
color correction of increasing the saturation of said 
chrominance signals and creating a first chrominance 
signal, and the second color correction of increasing 
a white color component of said chrominance signals and 
creating a second chrominance signal; 

the judgment step of judging whether a plurality of 
chrominance signals displayed in a pixel of said 
predetermined region fulfill a predetermined condition; 
and 

the control step of performing control so as to perform 
said color correction of chrominance signals including 
said predetermined color component when not fulfilling 
said predetermined condition, of the display method 
according to the forty-fifth present invention, 
[0071] 
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In addition, the forty-seventh present invention is 
a recording medium which bears the program according to 
the forty-sixth present invention, and is the recording 
medium which can be processed by a computer. 
[0072] 

Furthermore, the forty-eighth present invention is 
a display apparatus which makes one pixel displayable 
in four colors, that is, three primary colors and a white 
color, and inputs and displays chrominance signals 
corresponding to a mixing ratio of said four colors, 
comprising : 

color detection instrument which detects whether a 
predetermined color component is included in each 
chrominance signal corresponding to each pixel in a 
predetermined region; 

j udgment instrument which j udges whether a plurality 
of chrominance signals displayed in a pixel of said 
predetermined region fulfill a predetermined condition; 

color correction instrument which performs the first 
color correction of increasing the saturation of said 
predetermined chrominance component of said chrominance 
signals and creating a first chrominance signal, and the 
second color correction of increasing a white color 
component of said chrominance signals and creating a 
second chrominance signal; 
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switching signal generating instrument which 
generates such a switching signal that said first 
chrominance signal and said second chrominance signal 
may be displayed in turn in every one or in plural pixel 
units, in a state that assumes that all the chrominance 
signals displayed on a pixel of said predetermined region 
include said predetermined color component; 

first selection instrument which selects said first 
chrominance signal or said second chrominance signal in 
turn on the basis of said switching signal, in a state 
that assumes that all the chrominance signals displayed 
on a pixel of said predetermined region include the 
predetermined color component; 

second selection instrument which selects said first 
chrominance signal or said second chrominance. signal when 
said predetermined color component is included and said 
predetermined condition is not fulfilled, and otherwise 
selects a chrominance signal which is not given said color 
correction; and 

display instrument which displays said first 
chrominance signal, said second chrominance signal, or 
a chrominance signal not given said color correction, 
which is selected by said first selection instrument and 
said second selection instrument, in a pixel of said 
predetermined region . 
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[0073] 

In addition, the forty-ninth present invention is 
a display apparatus which makes one pixel displayable 
in four colors, that is, three primary colors and a white 
color, and inputs and displays chrominance signals 
corresponding to a mixing ratio of said four colors, 
comprising : 

color detection instrument which detects whether a 
predetermined color component is included in each 
chrominance signal corresponding to each pixel in a 
predetermined region; 

judgment instrument which judges whether a plurality 
of chrominance signals displayed in a pixel of said 
predetermined region fulfill a predetermined condition; 

color correction instrument which performs a first 
color correction of increasing the saturation of said 
predetermined chrominance component of said chrominance 
signals and creating a first chrominance signal, and a 
second color correction of increasing a white color 
component of said chrominance signals and creating a 
second chrominance signal; 

first switching signal generating instrument which 
generates a first switching signal so that said first 
chrominance signal and said second chrominance signal 
may be displayed in turn in every pixel unit, in a state 
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that assume.s that all the chrominance signals displayed 
on a pixel of said predetermined . region include said 
predetermined color component; 

second switching signal generating instrument which 
generates a second switching signal so that said first 
chrominance signal and said second chrominance signal 
may be displayed in turn in every plural pixel units, 
in a state that assumes that all the chrominance signals 
displayed on a pixel of said predetermined region include 
said predetermined color component; 

switching signal selection instrument which selects 
said first switching signal when said predetermined 
condition is not fulfilled, and selects said second 
switching signal when said predetermined condition is 
fulfilled; 

first selection instrument which selects said first 
chrominance signal or said second chrominance signal on 
the basis of said first switching signal or said second 
switching signal which is selected by said switching 
signal selection instrument; 

second selection instrument which selects said first 
chrominance signal or said second chrominance signal, 
which is selected by said first selection instrument, 
when said predetermined color component is included, and 
selects a chrominance signal, which is not given said 
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color correction, when saidpredetermined color component 
is not included; and 

display instrument which displays said first 
chrominance signal, said second chrominance signal, or • 
a chrominance signal not given said color correction, 
which is selected by said first selection instrument and 
said second selection instrument, in a pixel of the 
predetermined region . 
[0074] 

The present invention can provide the display 
apparatus, display method, program, and recording medium 
capable of decreasing the sense of incongruity of the 
visual aspect of color. 

Brief Description of the Drawings 
[0075] 

Figure 1 is a block diagram showing the structure 
of a display apparatus in a first embodiment of the present 
invention; 

Figure 2 (a) is an explanatory diagram of operation 
of first signal level conversion processing instrument 
in first, third, and fifth embodiments of the present 
invention, and Figure 2 (b) is an explanatory diagram of 
operation of second signal level conversion processing 
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instrument in first, third, and fifth embodiments of the 
present invention; 

Figure 3 is a drawing showing a display example of 
a region of a display screen, where a yellow color component 
is included, in the first embodiment of the present 
invention; 

Figure 4 (a) is a drawing showing the structure of 
switching signal generation instrument in the first 
embodiment of the present invention, and Figure 4 (b) is 
a drawing showing the structure of switching signal 
generation instrument, which is different from that in 
Figure 4(a), in the first embodiment of the present 
invention; 

Figure 5 is a drawing showing an example of RGB signals 

in the first, third, and fifth embodiments of the present 

inventions- 
Figure 6 is a block diagram showing the structure 

of a display apparatus in a second embodiment of the present 

inventions- 
Figure 7 is a block diagram showing the structure 

of a display apparatus in a third embodiment of the present 

inventions- 
Figure 8 is a drawing showing a display example of 

a region of a display screen, where a yellow color component 
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is included, in the third embodiment of the present 
invention; 

Figure 9 is a drawing showing the structure of 
switching signal .generation instrument in the third 
embodiment of the present invention; 

Figure 10 includes drawings showing output result 
examples of a switching signal 126 in the third embodiment 
of the present invention; 

Figure 11 includes drawings showing output result 
examples using a switching signal different from the case 
of Figure 10; 

Figure 12 includes drawings showing output result 
examples of the switching signal 126 in the case that 
a black pixel is included in a part of a display region 
of Figure 10; 

Figure 13 is a block diagram showing the structure 
of a display apparatus in a fourth embodiment of the present 
invention; 

Figure 14 is a block diagram showing the structure 
of a display apparatus in a fifth embodiment of the present 
invention; 

Figure 15 is a drawing showing a display example of 
a region of a display screen, where a yellow color component 
is included, in the fifth embodiment of the present 
invention; 
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Figure 16(a) is a drawing showing the structure of 
first switching signal generation instrument in the fifth 
embodiment of the present invention, and Figure 16(b) 
is a drawing showing the structure of first switching 
signal generation instrument, which is different from 
that of Figure 1(a), in the fifth embodiment of the present 
invention; 

Figure 17 includes drawings showing output result 
examples of a switching signal 226 in the fifth embodiment 
of the present invention; 

Figure 18 includes drawings showing output result 
examples of the switching signal 226 in the case that 
a black pixel is included in a part of a display region 
of Figure 17; 

Figure 19 includes drawings showing output result 
examples of a switching signal 231 in the fifth embodiment 
of the present invention; 

Figure 20 includes drawings showing display examples 
of a display area, where a checkered pattern is constituted 
of pastel yellow pixels and black pixels, in the fifth 
embodiment of the present invention; 

Figure 21 includes drawings showing examples, where 
a part of the pastel yellow pixels constituting a checkered 
pattern of Figure 19 is changed into black pixels, in 
the fifth embodiment of the present invention; 
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Figure 22 is an explanatory diagram of pattern 
detection in the fifth embodiment of the present 
invention; 

Figure 23 is a structural diagramof pattern detection 
instrument 213 in the fifth embodiment of the present 
invention; 

Figure 24 is a flow chart of a logic operation circuit 
within the pattern detection instrument 213 in the fifth 
embodiment of the present invention; 

Figure 25 is a block diagram showing the structure 
of a display apparatus in a sixth embodiment of the present 
inventions- 
Figure 26 includes drawings showing display examples 
of a display area, where a checkered pattern is constituted 
of pastel yellow pixels and black pixels, in the sixth 
embodiment of the present inventions- 
Figure 27 includes drawings showing display examples 
of a display area, which is constituted of pastel yellow 
pixels andblackpixels, in anmodif ied example of a seventh 
embodiment of the present inventions- 
Figure 28 is a block diagram showing the structure 
of a conventional display apparatus; 

Figure 29 is a drawing showing display screen 
structure in the case that a conventional display 
apparatus is a liquid crystal display apparatus; and 



Figure 30 is a drawing showing an example of a display 
screen of a conventional display apparatus. 



[Description of Symbols] 



[0076] 



1 



Color component separation and detection instrument 



2 



First signal level conversion processing instrument 



3 



Second signal level conversion processing instrument 



4 



Switching signal generation instrument 



5 



First selection instrument 



6 



Second selection instrument 



7 



White color component detection instrument 



8 White display element driving" instrument 

9 White display unit 

10 RGB display element driving instrument 

11 RGB display unit 

12 Yellow pixel 
16 White pixel 

20 Frequency divider 

21 Frequency divider 

22 1/2 frequency divider 

27 Pseudo-random number generator 

28 Frequency divider 

29 1/2 frequency divider 

34 Color component separation and detection instrument 
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35 R signal level detection instrument 

36 G signal level detection instrument 

37 B signal level detection instrument 

38 First selection instrument 
3 9 Second selection instrument 
40 Third selection instrument 
53 Calculation instrument 

101 Color component separation and detection instrument 

102 First signal level conversion processing instrument 

103 Second signal level conversion processing instrument 

104 Switching signal generation instrument 

105 First selection instrument 

106 Second selection instrument 

107 White color component detection instrument 

108 White display element driving instrument 

109 White display unit 

110 RGB display element driving instrument 

111 RGB display unit 

112 Display apparatus 

113 Pastel yellow pixel 

114 White pixel (background) 

115 Yellow pixel 

116 White pixel 

117 Dot clock signal 

118 Horizontal synchronizing signal 
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119 Vertical synchronizing signal 

120 Frequency divider 

121 Frequency divider 

122 1/2 frequency divider 

201 Color component separation and detection instrument 

202 First signal level conversion processing instrument 

203 Second signal level conversion processing instrument 

204 First switching signal generation instrument 

205 First selection instrument 

206 Second selection instrument 

207 White color component detection instrument 

208 White display element driving instrument 

209 White display unit 

210 RGB display element driving instrument 

211 RGB display unit 

213 Pattern detection instrument 

214 Arithmetic unit 

Best Mode for Carrying out the Invention 
[0077] 

Hereafter, drawings of embodiments of the present 
invention will be referring to and described. 
[0078] 

(Embodiment 1 ) 
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In a first embodiment, a display apparatus will be 
explained which, even if a bright yellow (yellow with 
low saturation), that is, pastel yellow image portion 
being surrounded by white or being adjacent to white, 
can decrease the sense of incongruity that visible color 
appears differently such as the pastel yellow image 
.portion seeming greenish and the like. 
[0079] 

A display apparatus 12 of the first embodiment is 
shown in Figure 1. 
[0080] 

The display apparatus 12 is constituted of color 
component separation and detection instrument 1, first 
signal level conversion processing instrument 2, second 
signal level conversion processing instrument 3, 
switching signal generation instrument 4 , first selection 
instrument 5, second selection instrument 6, white color 
component detection instrument 7, white display element 
driving instrument 8, white display unit 9, RGB display 
element driving instrument 10, and RGB display units 11. 
[0081] 

The color component separation and detection 
instrument 1 is the instrument which performs the 
separation and detection of a yellow color component, 
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when the yellow color component is included in RGB signals 

inputted. 

[0082] 

The first signal level conversion processing 
instrument 2 is the instrument which inputs a B signal 
among the RGB signals inputted, and performs the 
conversion of lowering a signal level of a blue color, 
which is a complementary color of a yellow color component, 
to the B signal. 
[0083] 

The second signal level conversion processing 
instrument 3 is the instrument which inputs a B signal 
among the RGB signals inputted, and performs the 
conversion of increasing a signal level of a blue color, 
which is a complementary color of a yellow color component , 
to the B signal. 
[0084] 

The switching signal generation instrument 4 is the 
instrument which outputs a signal for first selection 
instrument 5 selecting either the B signal outputted from 
the first signal level conversion processing instrument 
2 or the B signal outputted from the second signal level 
conversion processing instrument 3. 
[0085] 
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The first selection instrument 5 is the instrument 
which selects and outputs either the B signal outputted 
from the first signal level conversion processing 
instrument 2 or the B signal outputted from the second 
signal level conversion processing instrument 3 on the 
basis of the signal outputted from the switching signal 
generation instrument 4 . 
[0086] 

The second selection instrument 6 is the instrument 
which selects and outputs either of the B signal outputted 
from the first selection instrument 5, and the B signal 
among the RGB signals inputted into the display apparatus 
12 on the basis of the detection result of the yellow 
color component of the color component separation and 
detection instrument 1. 
[0087] 

In addition, since the white color component 
detection instrument 7 , white display element driving 
instrument 8, white display unit 9, RGB display element 
driving instrument 10, and RGB display unit 11 are the 
same as those of what are explained in the background 
art, explanation is omitted. 
[0088] 

Furthermore, the first signal level conversion 
processing instrument 2 and second signal level 
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conversion processing instrument 3 of this embodiment 
are an example of the color correction instrument of the 
present invention, the switching signal generation 
instrument 4 and first selection instrument 5 of this 
embodiment are an example of the selection instrument 
of the present invention, the switching signal generation 
instrument 4 and first selection instrument 5 of this 
embodiment are an example of height generation instrument 
of the present invention, the white color component 
detection instrument 7, white display element driving 
instrument 8, white display unit 9, RGB display element 
driving instrument 10, and RGB display unit 11 of this 
embodiment are an example of the display instrument of 
the present invention, R (red), G (green), and B (blue) 
colors of this embodiment are an example of three primary 
colors of the present invention, the RGB signals of this 
embodiment are an example of the chrominance signals of 
the present invention, and the yellow color of this 
embodiment is an example of the predetermined color of 
the present invention. 
[0089] 

Next, the operation of this embodiment like this will 
be explained . 
[0090] 
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The RGB signals inputted from an apparatus, which 
displays an image on the display apparatus 12, such as 
a personal computer, DVD equipment, or a TV receiver are 
inputted into the color component separation and 
detection instrument 1. In addition, the B signal among 
the RGB signals inputted is inputted into the first signal 
level conversion processing instrument 2, second signal 
level conversion processing instrument 3, and first 
selection instrument 5. In addition, the R signal and 
G signal among the RGB signals inputted are inputted into 
the white color component detection instrument 7 and RGB 
display element driving instrument 10. 
[0091] 

The color component separation and detection 
instrument 1 detects whether the RGB signals which are 
inputted include the yellow color component. 
[0092] 

An example of the RGB signals is shown in Figure 5. 
The R signal which expresses red, the G signal which 
expresses green, and the B signal which expresses blue 
are signals which can take 256 kinds of values from 0 
to 255, respectively, and the larger this value is, the 
brighter color is expressed. The green color component 
31, yellow color component 32, and white color component 
33 are included in the RGB signals of Figure 5. 
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[0093] 

It is possible to perform the detection of the yellow 
color component from the RGB signals, by detecting the 
case that both of a value of the R signal and a value 
of the G signal are larger than a value of the B signal. 
Thus, the yellow color component is included in the RGB 
signals when both of the value of the R signal and the 
value of the G signal are larger than the value of the 
B signal. 
[0094] 

The color component separation and detection 
instrument 1 outputs 1 when the yellow color component 
is included in the RGB signals, and it outputs 0 when 
the yellow color component is not included in the RGB 
signals. Then, the output of the color component 
separation and detection instrument 1 is inputted into 
the second selection instrument 6. 
[0095] 

On the other hand, the first signal level conversion 
processing instrument 2 inputs the B signal among the 
RGB signals inputted into the display apparatus 12, and 
performs the conversion of lowering a signal level of 
a blue color which is a complementary color of the yellow 
color component. In other words, the first signal level 
conversion processing instrument 2 performs the 
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conversion of increasing saturation when the yellow color 
component is included in the RGB signals inputted into 
the display apparatus 12. 
[0096] 

Figure 2(a) shows the conversion processing which 
the first signal level conversion processing instrument 
2 performs to the B signal. Thus, the horizontal axis 
of Figure 2(a) shows the value of the B signal among the 
RGB signals inputted into the first signal level 
conversion processing instrument 2 , and the vertical axis 
shows the value of the B signal after the first signal 
level conversion processing instrument ■ 2 performs the 
conversion processing. The first signal level 
conversion processing instrument 2 has stored beforehand 
a conversion table for performing the conversion 
processing shown in Figure 2 (a) , and performs the 
conversion processing of Figure 2(a) using the conversion 
table. In addition, although it is explained that the 
first signal level conversion processing instrument 2 
performs the conversion processing shown in Figure 2(a) 
using the conversion table, it is not limited to this. 
For example, the conversion processing of Figure 2 (a) 
may be performed using a method other than the conversion 
table, such as performing the conversion processing shown 
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in Figure 2(a) by operation processing by hardware or 

software . 

[0097] 

Apparently from Figure 2 (a) , when the value of the 
B signal inputted into the first signal level conversion 
processing instrument 2 is smaller than a predetermined 
value, the value of the B signal outputted from the first 
signal level conversion processing instrument 2 is set 
at 0. Then, when the value of the B signal inputted into 
the first signal level conversion processing instrument 
2 is larger than the predetermined value, the value of 
the B signal outputted from the first signal level 
conversion processing instrument 2 is set at a value larger 
than 0, but it is set at a value smaller than the value 
of B signal inputted into the first signal level conversion 
processing instrument 2. In this way, since the first 
signal level conversion processing instrument 2 converts 
the value of the B signal inputted as shown in Figure 
2(a), the value of the B signal in the RGB signals outputted 
from the first signal level conversion processing 
instrument 2 becomes small in comparison with the RGB 
signals at the time of an input . Thus, when the RGB signals 
inputted into the display apparatus 12 includes the yellow 
color component 32 as shown in Figure 5, RGB signals are 
newly constituted from the B signal outputted from the 



- 52 - 

first signal level conversion processing instrument 2, 
and the R signal and G signal which are inputted into 
the display apparatus 12, and then, the constituted RGB 
signals become signals where saturation increases in 
comparison with the RGB signals inputted into the display 
apparatus 12. 
[0098] 

In addition, the second signal level conversion 
processing instrument 3 performs the conversion of 
increasing a signal level of a blue color, which is a 
complementary color of the yellow color component, to 
the B signal among the RGB signals inputted into the display 
apparatus 12. In other words, the second signal level 
conversion processing instrument 3 performs the 
conversion of increasing a white color component when 
the yellow color component is included in the RGB signals 
inputted into the display apparatus 12. 
[0099] 

Figure 2 (b) shows the conversion processing which 
the second signal level conversion processing instrument 
3 performs to the B signal. Thus, the horizontal axis 
of Figure 2 (b) shows the value of the B signal among the 
RGB signals inputted into the second signal level 
conversion processing instrument 3, and the vertical axis 
shows the value of the B signal after the third signal 
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level conversion processing instrument 3 performs the 
conversion processing. The second signal level 
conversion processing instrument 3 has stored beforehand 
a conversion table for performing the conversion 
processing shown in Figure 2 (b) , and performs the 
conversion processing of Figure 2 (b) using the conversion 
table. In addition, although it is explained that the 
second signal level conversion processing instrument 3 
performs the conversion processing shown in Figure 2 (b) 
using the conversion table, it is not limited to this. 
For example, the conversion processing of Figure 2 (b) 
may be performed using a method other than the conversion 
table, such as performing the conversion processing shown 
in Figure 2 (b) by operation processing by hardware or 
software . 
[0100] 

Apparently from Figure 2(b), the value of the B signal 
among the RGB signals outputted from the second signal 
level conversion processing instrument 3 becomes a value 
larger than the value of the B signal among the RGB signals 
inputted into the second signal level conversion 
processing instrument 3. In this way, since the second 
signal level conversion processing instrument 3 converts 
the value of the B signal among the RGB signals inputted 
as shown in Figure 2 (b) , the value of the B signal outputted 



from the second signal level conversion processing 
instrument 3 becomes large in comparison with the RGB 
signals at the time of an input . Thus, when the RGB signals 
inputted into the display apparatus 12 include the yellow 
color component 32, when RGB signals are newly constituted 
by synthesizing the B signal, outputted from the second 
signal level conversion processing instrument 3, with 
the R signal and G signal inputted into the display 
apparatus 12, the constituted RGB signals become signals 
where the white color component ■ increases in comparison 
with the RGB signals inputted into the display apparatus 
12 . 

[0101] 

The switching signal generation instrument 4 
generates a switching signal using a dot clock', a 
horizontal synchronizing signal, and a vertical 
synchronizing signal for determining the timing with 
which the RGB display element driving instrument 10 and 
the white display element driving instrument 8 of the 
display apparatus 12 drives the RGB display unit 11 and 
white display unit 9, and outputs it to the first selection 
instrument 5 . This switching signal is a signal of taking 
a value of either 1 or 0 . In addition, the operation of 
the switching signal generation instrument 4 will be 
described later. 
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[0102] 

The first selection instrument 5 selects the B signal 
outputted from the first signal level conversion 
processing instrument 2 when the value of the switching 
signal outputted from the switching signal generation 
instrument 4 is 1, and outputs it to the second selection 
instrument 6, and selects the B signal outputted from 
the second signal level conversion processing instrument 
3 when the value of the switching signal is 0, and outputs 
it to the second selection instrument 6. 
[0103] 

When the value of the signal which the color component 
separation and detection instrument 1 outputs is 1, that 
is, when the yellow color component is included, the second 
selection instrument 6 selects the B signal outputted 
from the first selection instrument 5, and outputs it 
to the RGB display element driving instrument 10 and white 
color component detection instrument 7 . In addition, 
when the value of the signal which the color component 
separation and detection instrument! outputs is 0, that 
is, when the yellow color component is not included, the 
second selection instrument 6 outputs the B signal among 
the RGB signals, inputted into the display apparatus 12, 
without conversion processing to the RGB display element 
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driving instrument 10 and white color component detection 

instrument 7 . 

[0104] 

Thus, the R signal and G signal which are inputted 
into the display apparatus 12, and the B signal outputted 
from the second selection instrument 6 are inputted into 
the RGB display element driving instrument 10 and white 
color component detection instrument 7. Then, the white 
color component detection instrument 7 and RGB display 
element driving instrument 10 process these R signals, 
G signal, and B signal as new RGB signals. 
[0105] 

In addition, the operation of the white color 
component detection instrument 7, white display element 
driving instrument 8, white display unit 9, RGB display 
element driving instrument 10, and RGB display unit 11 
is the same as that of what are explained in the background 
art . 
[0106] 

In this way, an image is displayed on a display screen . 
[0107] 

By the way, the switching signal which the switching 
signal generation instrument 4 outputs, for example, such 
a signal that the value of the switching signal becomes 
0 in a pixel adjacent to a certain pixel in a horizontal 
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direction when the value of the switching signal is 1 
to the certain pixel, and, the value of the switching 
signal becomes 1 in a further adj acent pixel horizontally. 
Thus, when attention is paid to a horizontal pixel row, 
the switching signal takes 0 and 1 in turn. Similarly, 
when attention is paid to a vertical pixel column, the 
switching signal takes 0 and 1 in turn. 
[0108] 

Hence, yellow pixels 15 and white pixels 16 in Figure 
3 will be alternately displayed in a region of the display 
screen where the yellow color component is included in 
the inputted RGB signals, that is, a region of the display 
screen which a plurality of pixels having a yellow color 
component in the inputted RGB signals exist adjacently. 
Thus, when a plurality of pixels which have a yellow color 
component in the inputted RGB signals do not exist 
adjacently, that is, when only one pixel having a yellow 
color component exists by itself, such an alternating 
display cannot be performed. Hence, such an alternating 
display is performed to a region of the display screen 
where a plurality of pixels having a yellow color component 
in the inputted RGB signals exists adjacently. Here, the 
yellow pixels 15 are those into which the RGB signals 
outputted from the first signal level conversion 
processing instrument 2 are displayed, and are the RGB 



signals which are given conversion processing so that 
saturation may increase. In addition, the white pixels 
16 are those into which the RGB signals outputted from 
the second signal level conversion processing instrument 
3 are displayed, and are the RGB signals which are given 
conversion processing so that saturation may be lowered. 
[0109] 

In addition, the region of the display screen where 
the yellow color component is included in the inputted 
RGB signals in this embodiment is an example of the region 
where a plurality of pixels having a component with the 
above-mentioned predetermined color in the present 
invention exists adjacently. 
[0110] 

Here, in the region of the display screen where the 
yellow color component is included in the inputted RGB 
signals, let the RGB signals which is constituted of the 
B signal where a value of the output of the first signal 
level conversion processing instrument 2 is decreased, 
and the R signal and G signal which are inputted into 
the display apparatus 12 be first RGB signals, and let 
the RGB signals which is constituted of the B signal where 
a value of the output of the second signal level conversion 
processing instrument 3 is increased, and the R signal 
and G signal which are inputted into the display apparatus 



12 be second RGB signals. Then, the first RGB signals 
are signals where saturation is increased, and the second 
RGB signals are RGB signals whose white color component 
is increased. In such a region, the first RGB signals 
and second RGB signals will be displayed in a checkered 
pattern, as shown in the yellow pixels 15 and white pixels 
16, respectively in Figure 3. In this way, the display 
apparatus 12 gives the height difference in saturation 
to the region of the display screen by performing display 
at every pixel of the region in the region of the display 
screen, where the yellow color component is included in 
the inputted RGB signals, using either of the RGB signals 
where saturation is increased, and the RGB signals where 
the white color component is increased. 
[0111] 

Hence, for example, bright yellow (yellow with low 
saturation) , that is, pastel yellow will be displayed 
with the yellow pixels 15 whose saturation is increased 
more, and the white pixels 16 where the white color 
component is increased more. Hence, it will be felt to 
human eyes by the integration effect of human eyes that 
bright yellow (yellow with low saturation), that is, 
pastel yellow is displayed . Further, since it is possible 
to increase the brightness of an image portion by 
displaying bright yellow (yellow with low saturation) , 
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that is, pastel yellow by the alternating display with 
the yellow whose saturation is increased more, and the 
yellow where the white color component is increased more, 
even if the image portion being surrounded by white or 
being adjacent to white, it is possible to decrease the 
sense of incongruity that visible color appears 
differently, e.g., the image portion seems greenish. 
[0112] 

In addition, although bright yellow ( yellow with low 
saturation) , that is, pastel yellow is expressed by the 
alternating display of the yellow pixels 15 and the white 
pixels 16 every pixel for a region of the display screen 
where the yellow color component is included in the 
inputted RGB signals in Figure 3, an equivalent effect 
can be obtained also by temporally alternating display. 
Thus, when a certain pixel is displayed with the B signal 
outputted from the first signal level conversion 
processing instrument 2, and the R signal and G signal 
which are inputted into the display apparatus 12, it is 
possible to display it with the B signal outputted from 
the second signal level conversion processing instrument 
3, and the R signal and G signal which are inputted into 
the display apparatus 12 when the next field or the next 
frame is displayed. Thus, an equivalent effect can be 
obtained also by switching and displaying the B signal 
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outputted from the first signal processing instrument 
2, and the B signal outputted from the second signal 
processing instrument 3, at every field or every frame. 
In this way, an effect equivalent to this embodiment can 
be obtained also by switching and displaying either of 
the RGB signals where saturation is increased, and the 
RGB signals where the white color component is increased, 
at every field or every frame temporally. 
[0113] 

Nevertheless, "when the next field is displayed" is 
a case of interless, and shall mean the case of displaying 
a second field from the present field, when one frame 
is displayed by an odd number field and an even number 
field. In addition, "switching and displaying the B 
signal outputted from the first signal processing 
instrument 2, and the B signal outputted from the second 
signal processing instrument 3, at every field" is a case 
of an interless mode, and means "'switching and displaying 
the B signal outputted from the first signal processing 
instrument 2, and the B signal outputted from the second 
signal processing instrument 3, at every 2 fields, when 
one frame is displayed with an odd number field and an 
even number field". Hereafter similarly, in the first 
embodiment and second embodiment, "switching display at 
every field" is a case of the interless mode, and means 
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"switching display at every 2 fields when one frame is 
displayed with an odd number field and an even number 
field". 
[0114] 

Now, as mentioned above, the switching signal 
generation instrument 4 will be explained. 
[0115] 

Figure 4 (a) shows the structure of the switching 
signal generation instrument 4 . The switching signal 
generation instrument 4 is constituted of a frequency 
divider 20, a frequency divider 21, a 1 /2-f requency 
divider 22, and calculation instrument 53. 
[0116] 

The frequency divider 20 is the instrument which 
inputs a dot clock signal 17 for the white display element 
driving instrument 8 and RGB display element driving 
instrument 10 to determine the timing of display at every 
pixel, performing frequency dividing, and outputting a 
pixel alternating signal 23. The frequency divider 21 
is the instrument which inputs a horizontal synchronizing 
signal 18 for the white display element driving instrument 
8 and RGB display element driving instrument 10 to 
determine the timing of display every horizontal period, 
performs frequency dividing, and outputs a line 
alternating signal 24. The 1/2 frequency divider 22 is 
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the instrument which inputs a vertical synchronizing 
signal 19 for the white display element driving instrument 
8 and RGB display element driving instrument 10 to 
determine the timing of display in every frame or field, 
performs frequency dividing, and outputs a field 
alternating signal 25. The calculation instrument 53 is 
the instrument which obtains the exclusive OR of the pixel 
alternating signal 23, line alternating signal 24, and 
field alternating signal 25, and outputs the obtained 
exclusive OR as a switching signal 26. 
[0117] 

Thus, the dot clock signal 17 is inputted into the 
frequency divider 20, the frequency divider 20 performs 
the frequency dividing of the dot clock signal 17, and 
outputs the pixel alternating signal 23. 
[0118] 

In addition, the horizontal synchronizing signal 18 
is inputted into the frequency divider 20 and frequency 
divider 21. The frequency divider 20 is reset in the 
initial state in the timing when the horizontal 
synchronizing signal 18 is inputted. In addition, the 
frequency divider 21 performs the frequency dividing of 
the horizontal synchronizing signal 18, and outputs the 
line alternating signal 24. 
[0119] 
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Furthermore, the vertical synchronizing signal 19 
is inputted into the frequency divider 21 and 1/2 frequency 
divider 22. The frequency divider 21 is reset in the 
initial state when the vertical synchronizing signal 19 
is inputted. In addition, the 1/2 frequency divider 22 
performs the 1/2 frequency dividing of the vertical 
synchronizing signal 19, and outputs the field 
alternating signal 25. 
[0120] 

The calculation instrument 53 inputs the pixel 
alternating signal 23, line alternating signal 24, and 
field alternating signal 25, obtains the exclusive OR 
of them, and outputs it as the switching signal 26. 
[0121] 

When the frequency divider 20 and the frequency 
divider 21 perform the 1/2 frequency dividing of the dot 
clock signal 17 and horizontal synchronizing signal 18, 
respectively, the switching signal 26 becomes what 
expresses a checkered pattern. 
[0122] 

By using the switching signal generation instrument 
4 of Figure 4 (a) , a region, where a yellow color component 
is included, in the display screen will be displayed with 
the B signal outputted from the first signal level 
conversion instrument 2, and the B signal outputted from 
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the second signal level conversion processing instrument 
3. Thus, by using the switching signal generation 
instrument 4 of Figure 4 (a) , the region, where the yellow 
color component is included, in the display screen will 
be displayed with the B signal outputted from the first 
signal level conversion instrument 2 and the B signal 
outputted from the second signal level conversion 
processing instrument 3 being switched every pixel. In 
addition, when attention is paid to a specific pixel, 
when the yellow color component is included in the display 
screen, the B signal outputted from the first signal level 
conversion processing instrument 2 and the B signal 
outputted from the second signal level conversion 
processing instrument 3 will be switched and displayed 
every field. 
[0123] 

In addition, Figure 4 (b) shows another structure of 
the switching signal generation instrument 4 . The 
switching signal generation instrument 4 of Figure 4(b) 
is constituted of a pseudo-random number generator 27, 
a frequency divider 28, a 1/2 frequency divider 29, and 
calculation instrument 53. 
[0124] 

The pseudo-random number generator 27 is the 
instrument which inputs the dot clock signal 17 for the 
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white display element driving instrument 8 and RGB display 
element driving instrument 10 to determine the timing 
of display every pixel, generates a pseudo-random number 
using the inputted dot clock signal 27, and outputs it 
as the pixel alternating signal 23 . The frequency divider 
28 is the instrument which inputs the horizontal 
synchronizing signal 18 for the white display element 
driving instrument 8 and RGB display element driving 
instrument 10 to determine the timing of the display every 
horizontal period, performs frequency dividing, and 
outputs the line alternating signal 24 . The 1/2 frequency 
divider 22 is the instrument which inputs the vertical 
synchronizing signal 19 for the white display element 
driving instrument 8 and RGB display element driving 
instrument 10 to. determine the timing of display in every 
frame or field, performs frequency dividing, and outputs 
a field alternating signal 25. The calculation 
instrument 53 is the instrument which obtains the 
exclusive OR of the pixel alternating signal 23, line 
alternating signal 24, and field alternating signal 25, 
and outputs the obtained exclusive OR as a switching signal 
26. 

[0125] 

Thus, the dot clock signal 17 is inputted into the 
pseudo-random number generator 27, and the pseudo-random 
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number generator 27 generates a pseudo-random number 
using the inputted dot clock signal 17, and outputs the 
generated pseudo-random number as a pixel alternating 
signal 23. 
[0126] 

In addition, the horizontal synchronizing signal 18 
is inputted into the pseudo-random number generator 27 
and frequency divider 28 . The pseudo-random number 
generator 27 is reset in the initial state at the timing 
when the horizontal synchronizing signal 18 is inputted. 
In addition, the frequency divider 28 performs the 
frequency dividing of the horizontal synchronizing signal 
18, and outputs the line alternating signal 24. 
[0127] 

Furthermore, the vertical synchronizing signal 19 
is inputted into the frequency divider 28 and the 1/2 
frequency divider 22 9. The frequency divider 28 is reset 
in the initial state when the vertical synchronizing 
signal 19 is inputted. In addition, the 1/2 frequency 
divider 29 performs the 1/2 frequency dividing of the 
vertical synchronizing signal 19, and outputs the field 
alternating signal 25. 
[0128] 

The calculation instrument 53 inputs the pixel 
alternating signal 23, line alternating signal 24, and 
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field alternating signal 25, obtains the exclusive OR 
of them, and outputs it as the switching signal 26. 
[0129] 

By using the switching signal generation instrument 
4 of Figure 4 (b) , a region, where a yellow color component 
is included, in the display screen will be displayed in 
a random pattern with the B signal outputted from the 
first signal level conversion instrument 2, and the B 
signal outputted from the second signal level conversion 
processing instrument 3. In addition, when attention is 
paid to a specific pixel, when the yellow color component 
is included in the pixel, the B signal outputted from 
the first signal level conversion processing instrument 
2 and the B signal outputted from the second signal level 
conversion processing instrument 3 is switched and 
displayed every field. The use of the switching signal 
generation instrument 4 of Figure 4 (b) can obtain an effect 
equivalent to that obtained by using the switching signal 
generation instrument 4 of Figure 4 (a) . 
[0130] 

In addition, although it is explained in this 
embodiment that RGB signals are inputted into the display 
apparatus 12, it is not limited to this, but signals which 
express colors except RGB signals may be inputted. 
[0131] 
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Furthermore, although the display apparatus 41 
performs the processing, which decreases the sense of 
incongruity of yellow appearance, in this embodiment, 
it is also possible to perform the processing which 
decreases the sense of incongruity of magenta or cyan. 
[0132] 

Moreover, although the conversion which the first 
signal level conversion processing instrument 2 gives 
to a blue signal is linear conversion at a predetermined 
intensity level or higher as shown in Figure 2 (a) in this 
embodiment, nonlinear conversion is acceptable. In 
short, the first signal level conversion processing 
instrument 2 has only to convert the B signal inputted 
into the first signal level conversion processing 
instrument 2 so as to be a small value in comparison with 
the B signal at the time of an input. 
[0133] 

Furthermore, in this embodiment, although the 
conversion which the second signal level conversion 
processing instrument 3 gives to the blue signal is linear 
conversion up to the predetermined intensity level, it 
maybe nonlinear conversion. In short, the second signal 
level conversion processing instrument 3 has only to 
convert the B signal inputted into the first signal level 
conversion processing instrument 2 so as to be a large 
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value in comparison with the B signal at the time of the 

input . 

[0134] 

Moreover, in this embodiment, although it is 
explained that the pseudo-random number generator 27 is 
reset in the initial state at the timing when the horizontal 
synchronizing signal 18 is inputted, it is not limited 
to this. The pseudo-random number generator 27 may be 
not reset in the initial state at the timing when the 
horizontal synchronizing signal 18 is inputted, 
[0135] 

( Embodiment 2 ) 

Next, a second embodiment will be explained. 
[0136] 

In the first embodiment, the display apparatus is 
explained which, even if a bright yellow (yellow with 
low saturation) , that is, pastel yellow image portion 
being surrounded by white or being adjacent to white, 
can decrease the sense of incongruity that visible color 
appears differently such as the pastel yellow image 
portion seeming greenish and the like. In the second 
embodiment, the display apparatus will be explained which, 
even if an image portion which is bright yellow (yellow 
with low saturation) , that is, pastel yellow, bright 
magenta (magenta with low saturation) , that is, pastel 
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magenta, and bright cyan (cyan with low saturation) , that 
is, pastel cyan being surrounded by white or being adjacent 
to white, can decrease the sense of incongruity that 
visible color appears differently. 
[0137] 

The structure of a display apparatus 41 of the second 
embodiment is shown in Figure 6. 
[0138] 

The display apparatus 41 is constituted of color 
component separation and detection instrument 34, the 
switching signal generation instrument 4, R signal level 
conversion processing instrument 35, G signal level 
conversion processing instrument 36, B signal level 
conversion processing instrument 37, first selection 
instrument 38, second selection instrument 39, third 
selection instrument 40, the white color component 
detection instrument 7, the white display element driving 
instrument 8, the white display unit 9, the RGB display 
element driving instrument 10, and the RGB display units 
11 . 

[0139] 

The color component separation and detection 
instrument 34 is the instrument which outputs a yellow 
color component detection signal showing whether a yellow 
color component is included in the RGB signals inputted, 
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outputs a magenta color component detection signal 
showing whether a magenta component is included in the 
RGB signals inputted, and outputs a cyan color component 
detection signal showing whether a cyan component is 
included in the RGB signals inputted. 
[0140] 

The switching signal generation instrument 4 is 
equivalent to what is explained in the first embodiment. 
[0141] 

The R signal level conversion instrument 35 is the 
instrument which performs the first color correction of 
lowering a signal level of a red color, which is a 
complementary color of a cyan color component, to an R 
signal among the RGB signals inputted, and the second 
color correction of increasing a red signal level, and 
outputs the R signal which is given color correction by 
either color correction of the first color correction 
and second color correction on the basis of the switching 
signal outputted from the switching signal generation 
instrument 4 . 
[0142] 

The G signal level conversion instrument 36 is the 
instrument which performs the first color correction of 
lowering a signal level of a green color, which is a 
complementary color of a magenta color component, to an 



G signal among the RGB signals inputted, and the second 
color correction of increasing a green signal level, and 
outputs the G signal which is given color correction by 
either color correction of the first color correction 
and second color correction on the basis of the switching 
signal outputted from the switching signal generation 
instrument 4 . 
[0143] 

The B signal level conversion instrument 37 is the 
instrument which performs the first color correction of 
lowering a signal level of a blue color, which is a 
complementary color of a yellow color component, to a 
B signal among the RGB signals inputted, and the second 
color correction of increasing a blue signal level, and 
outputs the B signal which is given color correction by 
either color correction of the first color correction 
and second color correction on the basis of the switching 
signal outputted from the switching signal generation 
instrument 4 . 
[0144] 

The B signal level conversion instrument 37 is 
equivalent to the first signal level conversion 
processing instrument 2, second signal level conversion 
processing instrument 3, and first selection instrument 
5 of the display apparatus 12 of the first embodiment. 



- 74 - 

[0145] 

In addition, the R signal level conversion instrument 
35 is equivalent to the case that, in the first signal 
level conversion processing instrument 2, second signal 
level conversion processing instrument 3, and first 
selection instrument 5 of the display apparatus 12 of 
the first embodiment, color correction equivalent to the 
color correction which the first signal level conversion 
processing instrument 2 and second signal level 
conversion processing instrument 3 have given to a blue 
color is given to a red color using a conversion table 
optimized to a red color. 
[0146] 

Furthermore, the G signal level conversion 
instrument 36 is equivalent to the case that, in the first 
signal level conversion processing instrument 2, second 
signal level conversion processing instrument 3, and 
first selection instrument 5 of the display apparatus 
12 of the first embodiment, color correction equivalent 
to the color correction which the first signal level 
conversion processing instrument 2 and second signal 
level conversion processing instrument 3 have given to 
a blue color is given to a green color using a conversion 
table optimized to a green color. 
[0147] 
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The first selection instrument 38 is the instrument 
which selects and outputs either of the R signal outputted 
from the R signal level conversion instrument 35, and 
the R signal among the RGB signals inputted into the display 
apparatus 41 on the basis of a cyan component detection 
signal, that is, the detection result of the cyan component 
of the color component separation and detection 
instrument 34 . 
[0148] 

The second selection instrument 39 is the instrument 
which selects and outputs either of the G signal outputted 
from the G signal level conversion instrument 36, and 
the G signal among the RGB signals inputted into the display 
apparatus 4 1 on the basis of a magenta component detection 
signal, that is, the detection result of the magenta 
component of the color component separation and detection 
instrument 34 . 
[0149] 

The third selection instrument 40 is the instrument 
which selects and outputs either of the B signal outputted 
from the B signal level conversion instrument 35, and 
the B signal among the RGB signals inputted into the display 
apparatus 41 on the basis of a yellow color component 
detection signal, that is, the detection result of the 
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yellow color component of the color component separation 

and detection instrument 34 . 

[0150] 

In addition, since the white color component 
detection instrument 7, white display element driving 
instrument 8, white display unit 9, RGB element driving 
instrument 10, and RGB display unit 11 are the same as 
those of what are explained in the background art, 
explanation is omitted. 
[0151] 

Furthermore, the R signal level conversion 
instrument 35, G signal level conversion instrument 36, 
and B signal level conversion instrument 37 of this 
embodiment are an example of the color correction 
instrument of the present invention, the switching signal 
generation instrument 4, first selection instrument 38, 
second selection instrument 39, and third selection 
instrument 4 0 of this embodiment are an example of the 
selection instrument of the present invention, the 
switching signal generation instrument 4 , first selection 
instrument 38, second selection instrument 39, and third 
selection instrument 4 0 of this embodiment are an example 
of the height generation instrument of the present 
invention, the white color component detection 
instrument 7, white display element driving instrument 
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8, white display unit 9, RGB display element driving 
instrument 10, and RGB display unit 11 of this embodiment 
are an example of the display instrument of the present 
invention, R (red) , G (green) , and B (blue) colors of 
this embodiment are an example of three primary colors 
of the present invention, the RGB signals of this 
embodiment are an example of the chrominance signals of 
the present invention, and the yellow color, magenta color, 
and cyan color of this embodiment are examples of the 
predetermined color of the present invention. 
[0152] 

Next, the operation of this embodiment like this will 
be explained. 
[0153] 

The RGB signals inputted from an apparatus, which 
displays an image on the display apparatus 41, such as 
a personal computer, DVD equipment, or a TV receiver are 
inputted into the color component separation and 
detection instrument 34 . In addition, the R signal among 
the RGB signals inputted is inputted into the R signal 
level conversion instrument 35 and first selection 
instrument 38, the G signal among the RGB signals inputted 
is inputted into the G signal level conversion instrument 
36 and second selection instrument 39, and the B signal 
among the RGB signals inputted is inputted into the B 



signal level conversion instrument 37 and third selection 

instrument 40. 

[0154] 

The color component separation and detection 
instrument 34 outputs 1 to the first selection instrument 
38 as a cyan color component detection signal, when the 
cyan color component is included in the RGB signals 
inputted, and outputs 0 to the first selection instrument 
38 as the cyan color component detection signal when the 
cyan component is not included in the RGB signals inputted. 
[0155] 

In addition, the color component separation and 
detection instrument 34 outputs 1 to the second selection 
instrument 39 as a magenta color component detection 
signal, when the magenta color component is included in 
the RGB signals inputted, and outputs 0 to the second 
selection instrument 39 as the magenta color component 
detection signal when the magenta component is not 
included in the RGB signals inputted. 
[0156] 

Furthermore, the color component separation and 
detection instrument 34 outputs 1 to the third selection 
instrument 4 0 as a yellow color component detection signal , 
when the yellow color component is included in the RGB 
signals inputted, and outputs 0 to the third selection 



instrument 4 0 as the yellow color component detection 
signal when the yellow color component is not included 
in the RGB signals inputted. 
[0157] 

On the other hand, the R signal level conversion 
instrument 35 performs the first color correction of 
lowering a signal level of a red color, which is a - 
complementary color of a cyan color component, to an R 
signal inputted, and the second color correction of 
increasing a red signal level. Then, it outputs to the 
first selection instrument 38 the R signal which is given 
color correction by either color correction of the first 
color correction and second color correction on the basis 
of the switching signal outputted from the switching 
signal generation instrument 4. 
[0158] 

Then, the first selection instrument 38 selects the 
R signal outputted from the R signal level conversion 
instrument 35 when the cyan color component detection 
signal outputted from the color component separation and 
detection instrument 34 is 1, that is, a cyan color 
component is included in the RGB signals which is inputted 
into the display apparatus 41, and outputs it to the white 
color component detection instrument 7 and RGB display 
element driving instrument 10. On the other hand, the 
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first selection instrument 38 selects the R signal among 
the RGB signals, which is inputted into the display 
apparatus 41, when the cyan color component detection 
signal outputted from the color component separation and 
detection instrument 34 is 0, that is, a cyan color 
component is not included in the RGB signals which is 
inputted into the display apparatus 41, and outputs it 
to the white color component detection instrument 7 and 
RGB display element driving instrument 10. 
[0159] 

The G signal level conversion instrument 36 performs 
the first color correction of lowering a signal level 
of a green color, which is a complementary color of a 
magenta color component, to a G signal inputted, and the 
second color correction of increasing a green signal level . 
Then, it outputs to the second selection instrument 39 
the G signal which is given color correction by either 
color correction of the first color correction and second 
color correction on the basis of the switching signal 
outputted from the switching signal generation instrument 
4 . 

[0160] 

Then, the second selection instrument 39 selects the 
G signal outputted from the G signal level conversion 
instrument 36 when the magenta color component detection 
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signal outputted from the color component separation and 
detection instrument 34 is 1, that is, a magenta color 
component is included in the RGB signals which is inputted 
into the display apparatus 41, and outputs it to the white 
color component detection instrument 7 and RGB display 
element driving instrument 10. On the other hand, the 
second selection instrument 39 selects the G signal among 
the RGB signals, which is inputted into the display 
apparatus 41, when the magenta color component detection 
signal outputted from the color component separation and 
detection instrument 34 is 0, that is, a magenta color 
component is not included in the RGB signals which is 
inputted into the display apparatus 41, and outputs it 
to the white color component detection instrument 7 and 
RGB display element driving instrument 10. 
[0161] 

The B signal level conversion instrument 37 performs 
the first color correction of lowering a signal level 
of a blue color, which is a complementary color of a yellow 
color component, to a B signal inputted, and the second 
color correction of increasing a blue signal level . Then, 
it outputs to the third selection instrument 40 the B 
signal which is given color correction by either color 
correction of the first color correction and second color 



- 82 - 

correction on the basis of the switching signal outputted 
from the switching signal generation instrument 4 . 
[0162] 

Then, the third selection instrument 40 selects the 
B signal outputted from the B signal level conversion 
instrument 37 when the yellow color component detection 
signal outputted from the color component separation and 
detection instrument 34 is 1, that is, a yellow color 
component is included in the RGB signals which is inputted 
into the display apparatus 41, and outputs it to the white 
color component detection instrument 7 and RGB display 
element driving instrument 10. On the other hand, the 
third selection instrument 40 selects the B signal among 
the RGB signals, which is inputted into the display 
apparatus 41, when the yellow color component detection 
signal outputted from the color component separation and 
detection instrument 34 is 0, that is, a yellow color 
component is not included in the RGB signals which is 
inputted into the display apparatus 41, and outputs it 
to the white color component detection instrument 7 and 
RGB display element driving instrument 10. 
[0163] 

The operation of the white color component detection 
instrument 7, white display element driving instrument 
8, white display unit 9, RGB display element driving 
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instrument 10, and RGB display unit 11 is the same as 
that of what are explained in the background art. 
[0164] 

In this way, an image is displayed on a display screen . 
[0165] 

Here, since the RGB signals including both a yellow 
color component and a magenta color component, RGB signals 
including both a yellow color component and a cyan 
component, and RGB signals including both a magenta 
component and a cyan component do not exist, two or more 
of the yellow color component detection signal, magenta 
color component detection signal, and a cyan color 
component detection signal never take 1. Thus, there is 
only either a case that all values of the yellow color 
component detection signal, magenta color component 
detection signal, and cyan color component detection 
signal become 0, or a case that any one signal takes 1. 
[0166] 

Hence, display is" performed as follows by using the 
switching signal generation instrument 4 of Figure 4 (a) 
as the switching signal generation instrument 4. Thus, 
a region, where the yellow color component, magenta color 
component, or cyan color component is included, in a 
display screen is displayed, for example as a checkered 
pattern or the like, which is constituted of the RGB signals 
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where saturation is increased, and the RGB signals where 
the white color component is increased, and with attention 
being paid to one pixel, it is also alternately displayed 
with the RGB signals where saturation is increased every 
field or frame, and the RGB signals where the white color 
component is increased. 
[0167] 

In addition, display is performed as follows by using 
the switching signal generation instrument 4 of Figure 
4(b) as the switching signal generation instrument 4. 
Thus, a region, where the yellow color component, magenta 
color component, or cyan color component is included, 
in the display screen is displayed in a random pattern, 
which is made of the RGB signals where saturation is 
increased, and the RGB signals where the white color 
component is increased, and with attention being paid 
to one pixel, it is also alternately displayed with the 
RGB signals where saturation is increased every' field 
or frame, and the RGB signals where the white color 
component is increased. 
[0168] 

In this way, alternating display is performed like 
a checkered pattern or the like in a region of the display 
screen where the yellow color component, magenta color 
component, or cyan color component is included in the 
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inputted RGB signals, that is, a region of the display 
screen where a plurality of pixels having the yellow color 
component, magenta color component, or cyan color 
component in the inputted RGB signals exist adjacently. 
Thus, when a plurality of pixels which have the yellow 
color component, magenta color component, or cyan color 
component in the inputted RGB signals do not exist 
adjacently, that is, when only one pixel having a yellow 
color component, magenta color component, or cyan color 
component exists by itself, such an alternating display 
cannot be performed. Hence, such an alternating display 
is performed to a region of the display screen where a 
plurality of pixels having a yellow color component, 
magenta color component, or cyan color component in the 
inputted RGB signals exist adjacently. In this way, 
height difference in saturation is given to a region of 
the display screen by performing display at every pixel 
of the region in the region of the display screen, where 
the yellow color component, magenta color component, or 
cyan color component is included in the inputted RGB 
signals, using either of the RGB signals where saturation 
is increased, and the RGB signals where the white color 
component is increased. 
[0169] 
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In addition, the region of the display screen where 
the yellow color component, magenta color component, or 
cyan color component is included in the inputted RGB 
signals in this embodiment is an example of the region 
where a plurality of pixels having a component with the 
above-mentioned predetermined color in the present 
invention exists adjacently. 
[0170] 

In addition, the region on a display screen where 
the yellow color component, magenta color component, or 
cyan color component is included may be displayed, for 
example, as a checkered pattern or the like, and 
alternating display may not be performed every field. 
In addition, such a region may be displayed as a random 
pattern and alternating display may not be performed every 
field. Furthermore, such a region is displayed in one 
field or one frame by either of the RGB signals, where , 
saturation is increased, and the RGB signals where the 
white color component is increased, and alternating 
display may be performed with the RGB signals where 
saturation is increased every field or every frame, and 
the RGB signals where the white color component is 
increased . However, in the case of displaying with either 
of the RGB signals where saturation is increased, and 
the RGB signals, where the white color component Is 



increased, in one field or one frame, and performing the 
alternating display with the RGB signals where saturation 
is increased, and the RGB signals, where the white color 
component is increased, every field or every frame, a 
flicker arises when the number of fields or frames 
displayed in 1 second is small, and hence, it is necessary 
to enlarge sufficiently the number of fields or frames 
displayed in 1 second. 
[0171] 

In the first embodiment, even if a bright yellow 
( yellow with low saturation) , that is , pastel yellow image 
portion being surrounded by white or being adjacent to 
white, itwaspossibleto decrease the sense of incongruity 
that visible color appears differently such as the pastel 
yellow image portion seeming greenish and the like. In 
the second embodiment, it is possible to decrease the 
sense of incongruity that visible color appears 
differently for not only bright yellow (yellow with low 
saturation) , that is, pastel yellow, but also bright 
magenta (magenta with low saturation) , that is, pastel 
magenta, and bright cyan (cyan with low saturation) , that 
is, pastel cyan even if its image portion is surrounded 
by white or is adjacent to white. 
[0172] 



In addition, although it was explained in this 
embodiment that the sense of incongruity of appearance 
of yellow, magenta, and cyan was decreased, it is also 
possible to decrease the sense of incongruity of 
appearance of two or one of these three colors. For 
example, when decreasing the sense of incongruity of 
appearance of only magenta, it is not necessary to provide 
the R signal level conversion instrument 35, first 
selection instrument 38, B signal level conversion 
instrument 37, and third selection instrument 40. 
[0173] 

(Embodiment 3) 

Next, a third embodiment will be explained. 
[0174] 

In the third embodiment, similarly to the first 
embodiment, a display apparatus will be explained which, 
even if a bright yellow (yellow with low saturation) , 
that is, pastel yellow image portion being surrounded 
by white or being adjacent to white, can decrease the 
sense of incongruity that visible color appears 
differently such as the pastel yellow image portion 
seeming greenish and the like. 
[0175] 

Figure 7 is a block diagram showing the structure 
of a display apparatus 112 of the third embodiment. 
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[0176] 

The display apparatus 112 is constituted of color 
component separation and detection instrument 101, first 
signal level conversion processing instrument 102, second 
signal level conversion processing instrument 103, 
switching signal generation instrument 104, first 
selection instrument 105, second selection instrument 
106, white color component detection instrument 107, 
white display element driving instrument 108, a white 
display unit 109, RGB display element driving instrument 
110, and an RGB display unit 111. 
[0177] 

The color component separation and detection 
instrument 101 is the instrument which performs the 
separation and detection of a yellow color component, 
when the yellow color component is included in RGB signals 
inputted . 
[0178] 

The first signal level conversion processing 
instrument 102 is the instrument which inputs a B signal 
among the RGB signals inputted, and performs the 
conversion of lowering a signal level of a blue color, 
which is a complementary color of a yellow color component, 
to the B signal. 
[0179] 
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The second signal level conversion processing 
instrument 103 is the instrument which inputs a B signal 
among the RGB signals inputted, and performs the 
conversion of increasing a signal level of a blue color, 
which is a complementary color of a yellow color component, 
to the B signal. 
[0180] 

The switching signal generation instrument 104 is 
the instrument which outputs a signal for first selection 
instrument 105 selecting either the B signal outputted 
from the first signal level conversion processing 
instrument 102 or the B signal outputted from the second 
signal level conversion processing instrument 103. 
[0181] 

The first selection instrument 105 is the instrument 
which selects and outputs either the B signal outputted 
from the first signal level conversion processing 
instrument 102 or the B signal outputted from the second 
signal level conversion processing instrument 103 on the 
basis of the signal outputted from the switching signal 
generation instrument 104. 
[0182] 

The second selection instrument 106 is the instrument 
which selects and outputs either of the B signal outputted 
from the first selection instrument 105, and the B signal 



among the RGB signals inputted into the display apparatus 
112 on the basis of the detection result of the yellow 
color component of the color component separation and 
detection instrument 101. 
[0183] 

In addition, since the white color component 
detection instrument 107, white display element driving 
instrument 108, white display unit 109, RGB display 
element driving instrument 110, and RGB display unit 111 
are the same as those of what are explained in the 
background art, explanation is omitted, 
[0184] 

Furthermore, an example of color detection 
instrument of the present invention is equivalent to the 
color component separation instrument 101 in this third 
embodiment, and an example of color correction instrument 
of the present invention is equivalent to the first signal 
level conversion processing instrument 102 and second 
signal level conversion processing instrument 103 in this 
third embodiment. Moreover, the control instrument of 
the present invention is equivalent to the switching 
signal generating instrument 104, first selection 
instrument 105, and second selection instrument 106 in 
this third embodiment. Moreover, an example of display 
instrument of the present invention is equivalent to the 



- 92 - 

white color component detection instrument 107, white 
display element driving instrument 108, white display 
unit 109, RGB display element driving instrument 110, 
and RGB display unit 111. 
[0185] 

In addition, an example of the three primary colors 
of the present invention is equivalent to an R (red) color, 
a G (green) color, and a B (blue) color in this third 
embodiment . An example of the chrominance signals of the 
present invention is equivalent to the RGB signals in 
this third embodiment , and an example of the predetermined 
color component of the present invention is equivalent 
to yellow in this third embodiment. 
[0186] 

Next, an example of a display method of the present 
invention is also concurrently explained with the 
operation of the display apparatus, having the 
above-mentioned structure, in this third embodiment. 
[0187] 

The RGB signals inputted from an apparatus, which 
displays an image on the display apparatus 112, such as 
a personal computer, DVD equipment, or a TV receiver are 
inputted into the color component separation and 
detection instrument 101 . In addition, the B signal among 
the RGB signals inputted is inputted into the first signal 



level conversion processing instrument 102 , second signal 
level conversion processing instrument 103, and second 
selection instrument 106. Furthermore, the R signal and 
G signal among the RGB signals inputted are inputted into 
the white color component detection instrument 107 and 
RGB display element driving instrument 110. 
[0188] 

The color component separation and detection 
instrument 101 detects whether the RGB signals which is 
inputted includes the yellow color component (this is 
equivalent to an example of the color detection step of 
the present invention) . 
[0189] 

An example of the RGB signals is shown in Figure 5. 
The R signal which expresses red, the G signal which 
expresses green, and the B signal which expresses blue 
are signals which can take 256 kinds of values from 0 
to 255, respectively, and the larger this value is, the 
brighter color is expressed. The green color component 
31, yellow color component 32, and white color component 
33 are included in the RGB signals of Figure 5. 
[0190] 

It is possible to perform the detection of the yellow 
color component from the RGB signals, by detecting the 
case that both of a value of the R signal and a value 
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of the G signal are larger than a value of the B signal. 
Thus, the yellow color component is included in the RGB 
signals when both of the value of the R signal and the 
value of the G signal are larger than the value of the 
B signal. 
[0191] 

The color component separation and detection 
instrument 101 outputs 1 when the yellow color component 
is included in the RGB signals, and it outputs 0 when 
the yellow color component is not included in the RGB 
signals. Then, the output of the color component 
separation and detection instrument 101 is inputted into 
the second selection instrument 106. 
[0192] 

On the other hand, the first signal level conversion 
processing instrument 102 inputs the B signal among the 
RGB signals inputted into the display apparatus 112, and 
performs the conversion of lowering a signal level of 
a blue color which is a complementary color of the yellow 
color component. In other words, the first signal level 
conversion processing instrument 102 performs the 
conversion of increasing saturation when the yellow color 
component is included in the RGB signals inputted into 
the display apparatus 112. 
[0193] 
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Figure 2(a) shows the conversion processing which 
the first signal level conversion processing instrument 
102 performs to the B signal. Thus, the horizontal axis 
of Figure 2(a) shows the value of the B signal inputted 
into the first signal level conversion processing 
instrument 102, and the vertical axis shows the value 
of the B signal after the first signal level conversion 
processing instrument 102 performs the conversion 
processing. The first signal level conversion 
processing instrument 102 has stored beforehand a 
conversion table for performing the conversion processing 
shown in Figure 2(a), and performs the conversion 
processing of Figure 2(a) using the conversion table. 
In addition, although it was explained that the first 
signal level conversion processing instrument 102 
performed the conversion processing shown in Figure 2 (a) 
using the conversion table, it is not limited to this. 
For example, the conversion processing of Figure 2(a) 
may be performed using a method other than the conversion 
table, such as performing the conversion processing shown 
in Figure 2(a) by data processing by hardware or software . 
[0194] 

Apparently from Figure 2(a), when the value of the 
B signal inputted into the first signal level conversion 
processing instrument 102 is smaller than a predetermined 
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value, the value of the B signal outputted from the first 
signal level conversion processing instrument 102 is set 
at 0. Then, when the value of the B signal inputted into 
the first signal level conversion processing instrument 
102 is larger than the predetermined value, the value 
of the B signal outputted from the first signal level 
conversion processing instrument 102 is set at a value 
larger than 0, but it is set at a value smaller than the 
value of B signal inputted into the first signal level 
conversion processing instrument 102. 
[0195] 

In this way, since the first signal level conversion 
processing instrument 102 converts the value of the B 
signal inputted as shown in Figure 2(a), the value of 
the B signal in the RGB signals outputted from the first 
signal level conversion processing instrument 102 becomes 
small in comparison with the RGB signals at the time of 
an input. This B signal outputted from the first signal 
level conversion processing instrument 102 is made a first 
B signal. 
[0196] 

Thus, when the RGB signals inputted into the display 
apparatus 112 include the yellow color component 32 as 
shown in Figure 5, the RGB signals are newly constituted 
by synthesizing the first B signal, outputted from the 
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first signal level conversion processing instrument 102, 
with the R signal and G signal inputted into the display 
apparatus 112. The constituted RGB signals become 
signals where saturation is increased in comparison with 
the RGB signals inputted into the display apparatus 112, 
since the yellow color component 32 increases and the 
white color component 33 decreases . The color correction 
of increasing saturation like this is equivalent to an 
example of the first color correction of the present 
invention, and let these RGB signals, where saturation 
increases, be first RGB signals, and it is equivalent 
to an example of the first chrominance signal of the present 
invention . 

In addition, the second signal level conversion 
processing instrument 103 performs the conversion of 
increasing a signal level of a blue color, which is a 
complementary color of the yellow color component, to 
the B signal among the RGB signals inputted into the display 
apparatus 112. In other words, the second signal level 
conversion processing instrument 103 performs the 
conversion of increasing a white color component when 
the yellow color component is included in the RGB signals 
inputted into the display apparatus 112. 
[0197] 
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Figure 2 (b) shows the conversion processing which 
the second signal level conversion processing instrument 
103 performs to the B signal. Thus, the horizontal axis 
of Figure 2(b) shows the value of the B signal inputted 
into the second signal level conversion processing 
instrument 103, and the vertical axis shows the value 
of the B signal after the third signal level conversion 
processing instrument 103 performs the conversion 
•processing. The second signal level conversion 
processing instrument 103 has stored beforehand a 
conversion table for performing the conversion processing 
shown in Figure 2(b), and performs the conversion 
processing of Figure 2(b) using the conversion table. 
In addition, although it is explained that the second 
signal level conversion processing instrument 103 
performs the conversion processing shown in Figure 2 (b) 
using the conversion table, it is not limited to this. 
For example, the conversion processing of Figure 2 (b) 
may be performed using a method other than the conversion 
table, such as performing the conversion processing shown 
in Figure 2 (b) by data processing by hardware or software . 
[0198] 

Since the second signal level conversion processing 
instrument 103 converts the value of the B signal inputted 
as shown in Figure 2(b), the- value of the B signal in 
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the RGB signals outputted from the second signal level 
conversion processing instrument 103 becomes large in 
comparison with the B signals at the time of an input. 
This B signal outputted from the second signal level 
conversion processing instrument 103 is made a second 
B signal. 
[0199] 

Thus, when the RGB signals inputted into the display 
apparatus 112 include the yellow color component 32, when 
RGB signals are newly constituted by synthesizing the 
second B signal, outputted from the second signal level 
conversion processing instrument 103, with the R signal 
and G signal inputted into the display apparatus 112, 
the constituted RGB signals become signals where the white 
color component increases in comparison with the RGB 
signals inputted into the display apparatus 112. In 
addition, the color correction of increasing the white 
color component is equivalent to an example of the second 
color correction of the present invention, and let these 
RGB signals, where the white color component increases, 
be second RGB signals, and it is equivalent to an example 
of the second chrominance signal of the present invention . 
Moreover, the level conversion of the B signal level by 
the first signal level conversion instrument 102 and 
second signal level conversion instrument 103 is 
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equivalent to an example of the color correction step 

of the present invention. 

[0200] 

The switching signal generation instrument 104 
generates a switching signal using the dot clock, 
horizontal synchronizing signal, and vertical 
synchronizing signal for determining the timing when the 
RGB display element driving instrument 110 and white 
display element driving instrument 108 of the display 
apparatus 112 drives the RGB display unit 111 and white 
display unit 109, and outputs it to the first selection 
instrument 105. This switching signal is a signal of 
taking a value of either 1 or 0 . In addition, the operation 
of the switching signal generation instrument 104 will 
be described later. 
[0201] 

The first selection instrument 105 selects the first 
B signal outputted from the first signal level conversion 
processing instrument 102 when the value of the switching 
signal outputted from the switching signal generation 
instrument 104 is 1, outputs it to the second selection 
instrument 106, selects the second B signal outputted 
from the second signal level conversion processing 
instrument 103 when the value of the switching signal 
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is 0, and outputs it to the second selection instrument 

106. 

[0202] 

When the value of the signal which the color component 
separation and detection instrument 101 outputs is 1, 
that is, when the yellow color component is included, 
the second selection instrument 106 selects the first 
or second B signal outputted from the first selection 
instrument 105, and outputs it to the RGB display element 
driving instrument 110 and white color component 
detection instrument 107. In addition, when the value 
of the signal which the color component separation and 
detection instrument 101 outputs is 0, that is, when the 
yellow color component is not included, the second 
selection instrument 106 outputs the B signal among the 
RGB signals, inputted into the display apparatus 112, 
without conversion processing to the RGB display element 
driving instrument 110 and white color component 
detection instrument 107. This B signal outputted 
without conversion processing is made a third B signal. 
Moreover, let RGB signals, which are constituted of this 
B signal, which is not given the conversion processing, 
and the R signal and G signal, which are inputted into 
the display apparatus 112, be third chrominance signals, 
and it is equivalent to an example of the chrominance 
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signals of the present invention which are not given the 
color correction . In addition, the selection of the first 
B signal or second B signal by the switching signal 
mentioned above, and the selection of the first B signal, 
second B signal or third B signal by the second selection 
instrument 106 is equivalent to an example of the control 
step of the present invention. 
[0203] 

Thus, the R signal and G signal which are inputted 
into the display apparatus 101, and one of the first to 
third B signals outputted from the second selection 
instrument 106 are inputted into the RGB display element 
driving instrument 110 and white color component 
detection instrument 107. Then, the white color 
component detection instrument 107 and RGB display 
element driving instrument 110 processes these R signal, 
G signal, and B signal as new RGB signals. 
[0204] 

In addition, the operation of the white color 
component detection instrument 107, white display element 
driving instrument 108, white display unit 109, RGB 
display element driving instrument 110, and RGB display 
unit 111 is the same as that of what were explained in 
the background art. 
[0205] 
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Thus, an image is displayed on a display screen (it 
is equivalent to an example of the displaying step of 
the present invention) . 
[0206] 

By the way, the switching signal which the switching 
signal generation instrument 104 outputs, for example, 
such a signal that the value of the switching signal becomes 
1 in a pixel adjacent to a certain pixel in a horizontal 
direction when the value of the switching signal is 1 
to the certain pixel, the value of the switching signal 
becomes 0 in a further adjacent pixel horizontally, the 
value of the switching signal becomes 0 in a still further 
adjacent pixel horizontally, and the value of the 
switching signal becomes 1 in a further adjacent pixel 
horizontally. That is, when attention is paid to a 
horizontal pixel row, the switching signal takes 0 and 
1 every two dot clocks for determining the timing of display 
every pixel. Similarly, when attention is paid to a 
vertical pixel column, the switching signal takes 0 and 
1 every two horizontal periods. 
[0207] 

Hence, as shown in Figure 8, yellow pixels 115 where 
the first RGB signals are displayed, and white pixels 
116 where the second RGB signals are displayed are 
alternately displayed in a checkered pattern with a 
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2-pixels V x 2-pixels H region as a block in a region 
of the display screen where the yellow color component 
is included in the inputted RGB signals, that is, a region 
of the display screen where a plurality of pixels having 
a yellow color component in the inputted RGB signals exist 
adj acently . 
[0208] 

In this way, the display apparatus 112 gives height 
difference in saturation to the region of the screen by 
performing display every pixel of the region in the region 
of the display screen, where the yellow color component 
is included in the inputted RGB signals, using either 
of the RGB signals where saturation is increased, and 
the second RGB signals where the white color component 
is increased. 
[0209] 

Hence, for example, bright yellow (yellow with low 
saturation) , that is, pastel yellow is displayed with 
the yellow pixels 115 whose saturation is increased more, 
and the white pixels 116 where the white color component 
is increased more. Hence, it will be felt to human eyes 
by the storage effect of human eyes that bright yellow 
(yellow with low saturation), that is, pastel yellow is 
displayed . 
[0210] 
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Further, since it is possible to increase the 
brightness of an image portion by displaying bright yellow 

(yellow with low saturation) , that is, pastel yellow by 
the alternating display with the yellow whose saturation 
is increased more, and the yellow where the white color 
component is increased more, even if the image portion 
being surrounded by white or being adjacent to white, 
it is possible to decrease the sense of incongruity that 
visible color appears differently such as the pastel 
yellow image portion seeming greenish and the like. 

[0211] 

In addition, although bright yellow ( yellow with low 
saturation) , that is, pastel yellow is expressed by the 
alternating display of yellow pixels 115 and white pixels 
116 in a checkered pattern with a 2-pixels V x 2-pixels 
H region as a block in a region of the display screen 
where the yellow color component is included in the 
inputted RGB signals in Figure 8, an equivalent effect 
can be obtained also by temporally alternating display. 
That is, when a certain pixel is displayed in the yellow 
pixel 115, it is possible to perform display in the white 
pixel 116 in the following frame. 
[0212] 

That is, also when the first RGB signals corresponding 
to the yellow pixel 115, and the second RGB signals 
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corresponding to the white pixel 116 are switched and 
displayed every frame, it is possible to decrease the 
sense of incongruity that visible color appears 
differently as mentioned above. Thus, it is equivalent 
to an example of the control of the present invention 
to switch and display the first RGB signals and second 
RGB signals temporally. 
[0213] 

Next, as mentioned above, the switching signal 
generation instrument 104 will be explained. 
[0214] 

Figure 9 shows the structure of the switching signal 
generation instrument 104. The switching signal 
generation instrument 104 is constituted of a frequency 
divider 120, a frequency divider 121, a 1/2 frequency 
divider 122, and calculation instrument 153. 
[0215] 

The frequency divider 120 is the instrument which 
repeats twice the 1/2-f requency dividing of a dot clock 
signal 117 inputted for the white display element driving 
instrument 108 and RGB display element driving instrument 
110 to determine the timing of display every pixel, and 
outputs a pixel alternating signal 123. 
[0216] 



- 107 - 

The frequency divider 121 is the instrument which 
repeats twice the 1/2-f requency dividing of a horizontal 
synchronizing signal 118 inputted for the white display 
element driving instrument 108 and RGB display element 
driving instrument 110 to determine the timing of display 
every horizontal period, and outputs a line alternating 
signal 124 . 
[0217] 

The 1/2 frequency divider 122 is the instrument which 
performs the frequency dividing of a vertical 
synchronizing signal 119 inputted for the white display 
element driving instrument 108 and RGB display element 
driving instrument 110 to determine the timing of display 
every frame, and outputs a frame alternating signal 125. 
[0218] 

The calculation instrument 153 is the instrument 
which obtains the exclusive OR of the pixel alternating 
signal 123, line alternating signal 124, and frame 
alternating signal 125, and outputs the obtained 
exclusive OR as a switching signal 126. 
[0219] 

Thus, the dot clock signal 117 is inputted into the 
frequency divider 120, the frequency divider 120 repeats 
twice the 1/2-f requency dividing using the dot clock 
signal 11.7, and outputs the pixel alternating signal 123 . 
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[0220] 

In addition, the horizontal synchronizing signal 118 
is inputted into the frequency divider 120 and frequency 
divider 121. The frequency divider 120 is reset in the 
initial state in the timing when the horizontal 
synchronizing signal 118 is inputted. Furthermore, the 
frequency divider 121 repeats twice the 1/2-f requency 
dividing using the horizontal synchronizing signal 118, 
and outputs the line alternating signal 124. 
[0221] 

In addition, the vertical synchronizing signal 119 
is inputted into the frequency divider 121 and the 1/2 
frequency divider 122 . The frequency divider 121 is reset 
in the initial state when the vertical synchronizing 
signal 119 is inputted. Moreover, the 1/2 frequency 
divider 122 performs the 1/2-f requency dividing of the 
vertical synchronizing signal 119, and outputs the frame 
alternating signal 125. 
[0222] 

The calculation instrument 153 inputs the pixel 
alternating signal 123, line alternating signal 124, and 
frame alternating signal 125, obtains the exclusive OR 
of them, and outputs it as the switching signal 126. 
[0223] 
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Since the frequency divider 120 and the frequency 
divider 121 repeat the 1 /2-f requency dividing twice using 
the dot clock signal 117 and horizontal synchronizing 
signal 118 respectively, the switching signal 126 
expresses the checkered pattern with a 2-pixels V x 
2-pixels H region as a block. 
[0224] 

Since the first B signal or secondB signal is switched 
and selected every two pixel units by the first selection 
instrument 105 using the switching signal generation 
instrument 104 of Figure 9, the first chrominance signals 
or second chrominance signals are displayed in turn 
spatially every two pixel units in a region, where the 
yellow color component is contained, in the display 
screen . 
[0225] 

Moreover, when attention is paid to a specific pixel, 
when the yellow color component is contained in the display 
screen, the first chrominance signals and second 
chrominance signals are switched and displayed every 
frame . 
[0226] 

Figure 10 shows an example of an output at the time 
of using the switching signal 126. A display region 160 
is a region including pastel yellow pixels 114, a display 
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region 161 is a display region at the time of a certain 
frame displayed using the switching signal 126, and a 
display region 162 is a display region at the time of 
the next frame of the display region 161. 
[0227] 

As shown in Figure 10, the yellow pixels 115 and white 
pixels 116 are alternately displayed in the checkered 
pattern with a 2-pixels V x 2-pixels H region as a block 
in the display region 161 and display region 162, and 
when attention is paid to a specific pixel, the yellow 
pixel 115 and white pixel 116 are switched and displayed 
in the display region 161 and display region 162. 
[0228] 

In addition, in this third embodiment , when attention 
is paid to a specific pixel, the yellow pixel 115 and 
white pixel 116 were switched and displayed every frame, 
but in the case of the interless mode, it may be performed 
per field. For example, when one frame is displayed with 
an odd number field and an even number field, the switching 
of a specific pixel is performed every two fields. 
[0229] 

In addition, as an example of control of a present- 
invention, in this third embodiment , the control of making 
the yellow pixels 115 and white pixels 116 displayed as 
a checkered pattern with a 2-pixels V x 2-pixels H region 
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as a block by switching the first B signal and second 
B signal every two dot clocks and every two horizontal 
periods was shown. 
[0230] 

However, a checkered pattern with a 2-pixels H region 
as a block may be sufficient instead of the 2-pixels V 
x 2-pixels H region, but in that case, selection is 
performed by switching the first B signal and second B 
signal every two horizontal periods. The output result 
in this case is shown in Figure 11. A display region 163 
is a region including pastel yellow pixels 114, a display 
region 164 is a display region at the time of a certain 
frame displayed using a switching signal of switching 
the first B signal and second B signal every two horizontal 
periods, and a display region 165 is a display region 
at the time of the next frame of the display region 164. 
As shown in Figure 11, the yellow pixels 115 and white 
pixels 116 are alternately displayed in the checkered 
pattern with a 2-pixels H region as a block in the display 
region 164 and display region 165, and when attention 
is paid to a specific pixel, the yellow pixel 115 and 
white pixel 116 are switched and displayed in the display 
region 164 and display region 165. 
[0231] 
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Further, a checkered pattern with a 2-pixels V region 
as a block may be sufficient, but in that case, selection 
is performed by switching the first B signal and second 
B signal every two dot clocks. Moreover, it may be 
sufficient to switch the first B signal and second B signal 
so as to form the checkered pattern with a two-or-more 
pixels region as a block besides every two pixels. 
[0232] 

In addition, it may be two pixels or more as well 
as 2-pixels V x 2-pixels H. 
[0233] 

As mentioned above, according to this third 
embodiment, even if a bright yellow (yellow with low 
saturation), that is, pastel yellow display portion being 
surrounded by white or being adjacent to white, it is 
possible to decrease the sense of incongruity that visible 
color appears differently such as the pastel yellow image 
portion seeming greenish and the like. 
[0234] 

In addition, when a display apparatus is a one-chip 
DLP pro j ector , four colors of RGBW are temporally switched 
and displayed in one pixel of a screen with being 
synchronized with a color wheel . Although this temporal 
switching is performed also in a PDP or the like, switching 
timing ( PWM waveform) may be generally changed depending 



on a location of a pixel so as to express smooth gradient. 
For example, if alternation is performed every field or 
frame in the checkered pattern which performs alternation 
every dot clock and every horizontal period, the PWM 
wavef ormmay differ between fields or frames . As a result, 
since a 1/2 component of a field or frame frequency which 
constitutes the PWM waveform may become large, it may 
become a flicker. It is possible further to suppress the 
occurrence of such a phenomenon by performing the 
switching every two dot clocks or every two horizontal 
periods . 
[0235] 

Furthermore, although the case where chrominance 
signals displayed only in the pastel yellow 114 as shown 
in the display region 160 of Figure 10 were described 
in this third embodiment, the case where the chrominance 
signals which do not include the yellow color component 
are included will be also described below. In addition, 
as the chrominance signals which do not include the yellow 
color component, black will be mentioned as an example 
and described. 
[0236] 

A display region 166 of Figure 12 shows a display 
region including a small number of black pixels 169 in 
a plurality of pastel yellow pixels 114. Moreover, a 



display region 167 is a display region at the time of 
a certain frame which displays chrominance signals of 
being displayed like the display region 166 is displayed 
by the display device 112 . Furthermore, a display region 
168 shows a display region at the time of the next frame 
of the display region 167 • 
[0237] 

As to a plurality of chrominance signals displayed 
on this display region 166, the first B signal or second 
B signal is selected by the first selection instrument 
105 in turn, and as to the black signal which does not 
include a yellow color component, the third B chrominance 
signal which is not given correction is selected by the 
second selection instrument 106, which are combined with 
the R signal and G signal, and are displayed. 
[0238] 

Here, the selection of the first or second B signal 
by the first selection instrument is performed every two 
pixel units, and this is also performed when the third 
B signal is selected and displayed by the second selection 
instrument 106. Therefore, assuming that there is no 
black pixel 169 temporarily and all the chrominance 
signals displayed in the display region 167 include the 
yellow color component as shown in the display region 
167, the display device 112 displays the yellow pixels 
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115 and white pixels 116 in turn, and displays the black 
pixels 169 as it is . Controlling like this display region 
167 is equivalent to an example of the control of the 
present invention . 

In addition, although it was explained in this third 
embodiment that RGB signals were inputted into the display 
apparatus 112, it is not limited to this, but signals 
which express colors except RGB signals may be inputted. 
[0239] 

Furthermore, although the display apparatus 141 
performs the processing, which decreases the sense of 
incongruity of yellow appearance, in this third 
embodiment, it is also possible to perform the processing 
which decreases the sense of incongruity of magenta or 
cyan . 
[0240] 

Moreover, although the conversion which the first 
signal level conversion processing instrument 102 gives 
to a blue signal is linear conversion at a predetermined 
intensity level or higher as shown in Figure 2 (a) in this 
third embodiment, nonlinear conversion is acceptable. 
In short, the first signal level conversion processing 
instrument 102 has only to convert the B signal inputted 
into the first signal level conversion processing 
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instrument 102 so as to be a smaller value in comparison 

with the B signal at the time of an input . 

[0241] 

In addition, in this third embodiment, although the 
conversion which the second signal level conversion 
processing instrument 103 gives to the blue signal is 
linear conversion up to the predetermined intensity level, 
it may be nonlinear conversion. In short, the second 
signal level conversion processing instrument 103 has 
only to convert the B signal inputted into the first signal 
level conversion processing instrument 102 so as to be 
a large value in comparison with the B signal at the time 
of the input. 
[0242] 

(Embodiment 4) 

Next, a fourth embodiment will be described. 
[0243] 

In the fourth embodiment, similarly to the second 
embodiment, a display apparatus which can decrease the 
sense of incongruity that visible color appears 
differently for not only bright yellow (yellow with low 
saturation) , that is, pastel yellow, but also bright 
magenta (magenta with low saturation) , that is, pastel 
magenta, and bright cyan (cyan with low saturation) , that 
is , pastel cyan seems differently even if its image portion 
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is surrounded by white or is adjacent to white will be 
explained . 
[024 4] 

Figure 13 is a block diagram showing the structure 
of the display apparatus 141 of the fourth embodiment. 
[0245] 

The display apparatus 141 is constituted of color 
component separation and detection instrument 134, the 
switching signal generation instrument 104, R signal 
level conversion processing instrument 135, G signal 
level conversion processing instrument 136, B signal 
level conversion processing instrument 137, first 
selection instrument 138, second selection instrument 
139, third selection instrument 140, the white color 
component detection instrument 107, the white display 
element driving instrument 108, the white display unit 
109, the RGB display element driving instrument 110, and 
the RGB display unit 111. 
[0246] 

The color component separation and detection 
instrument 134 is the instrument which outputs a yellow 
color component detection signal showing whether a yellow 
color component is included in the RGB signals inputted, 
outputs a magenta color component detection signal 
showing whether a magenta color component is included 
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in the RGB signals inputted, and outputs a cyan color 
component detection signal showing whether a cyan color 
component is included in the RGB signals inputted. 
[0247] 

The switching signal generation instrument 104 is 
equivalent to what was described in the third embodiment. 
[0248] 

The R signal level conversion instrument 135 is the 
instrument which performs the first color correction of 
lowering a signal level of a red color, which is a 
complementary color of a cyan color component, to an R 
signal among the RGB signals inputted, and the second 
color correction of increasing a red signal level, and 
outputs the R signal which is given color correction by 
either color correction of the first color correction 
and second color correction on the basis of the switching 
signal outputted from the switching signal generation 
instrument 104. 
[0249] 

The. G signal level conversion instrument 136 is the 
instrument which performs the first color correction of 
lowering a signal level of a green color, which is a 
complementary color of a magenta color component, to an 
G signal among the RGB signals inputted, and the second 
color correction of increasing a green signal level, and 
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outputs the G signal which is given color correction by 
either color correction of the first color correction 
and second color correction on the basis of the switching 
signal outputted from the switching signal generation 
instrument 104. 
[0250] 

The B signal level conversion instrument 137 is the 
instrument which performs the first color correction of 
lowering a signal level of a blue color, which is a 
complementary color of a yellow color component, to a 
B signal among the RGB signals inputted, and the second 
color correction of increasing a blue signal level, and 
outputs the B signal which is given color correction by 
either color correction of the first color correction 
and second color correction on the basis of the switching 
signal outputted from the switching signal generation 
instrument 104. 
[0251] 

In addition, the B signal level conversion instrument 
137 is equivalent to the first signal level conversion 
processing instrument 102 , second signal level conversion 
processing instrument 103, and first selection instrument 
105 of the display apparatus 112 of the third embodiment. 
[0252] 
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Furthermore, the R signal level conversion 
instrument 135 is equivalent to the case that, in the 
first signal level conversion processing instrument 102, 
second signal level conversion processing instrument 103, 
and first selection instrument 105 of the display 
apparatus 112 of the third embodiment, color correction 
equivalent to the color correction which the first signal 
level conversion processing instrument 102 and second 
signal level conversion processing instrument 103 are 
given to a blue color is given to a red color using a 
conversion table optimized to a red color. 
[0253] 

Moreover, the G signal level conversion instrument 
136 is equivalent to the case that, in the first signal 
level conversion processing instrument 102 , second signal 
level conversion processing instrument 103, and first 
selection instrument 105 of the display apparatus 112 
of the third embodiment, color correction equivalent to 
the color correction which the first signal level 
conversion processing instrument 102 and second signal 
level conversion processing instrument 103 are given to 
a blue color is given to a green color using a conversion 
table optimized to a green color. 
[0254] 



The first selection instrument 138 is the instrument 
which selects and outputs either of the R signal outputted 
from the R signal level conversion instrument 135, and 
the R signal among the RGB signals inputted into the display 
apparatus 141 on the basis of a cyan color component 
detection signal, that is, the detection result of the 
cyan color component of the color component separation 
and detection instrument 134, 
[0255] 

The second selection instrument 139 is the instrument 
which selects and outputs either of the G signal outputted 
from the G signal level conversion instrument 136, and 
the G signal among the RGB signals inputted into the display 
apparatus 141 on the basis of a magenta color component 
detection signal, that is, the detection result of the 
magenta color component of the color component separation 
and detection instrument 134. 
[0256] 

The third selection instrument 140 is the instrument 
which selects and outputs either of the B signal outputted 
from the B signal level conversion instrument 137, and 
the B signal among the RGB signals inputted into the display 
apparatus 141 on the basis of a yellow color component 
detection signal, that is, the detection result of the 
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yellow color component of the color component separation 

and detection instrument 134 . 

[0257] 

In addition, since the white color component 
detection instrument 107, white display element driving 
instrument 108, white display unit 109, RGB display 
element driving instrument 110, and RGB display unit 111 
are the same as those of what are explained in the 
background art, explanation is omitted. 
[0258] 

In addition, an example of the color detection 
instrument of the present invention is equivalent to the 
color component separation and detection instrument 134 
in this fourth embodiment. Moreover, an example of the 
color correction instrument of the present invention is 
equivalent to a portion excluding a portion equivalent 
to the first selection instrument 105, described in the 
third embodiment, from the R signal level conversion 
instrument 135, G signal level conversion instrument 136, 
and B signal level conversion instrument 137 in the fourth 
embodiment. Moreover, an example of the control 
instrument of the present invention is equivalent to a 
portion equivalent to the switching signal generation 
instrument 104, first selection instrument 138, second 
selection instrument 139, and third selection instrument 
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140 in this fourth embodiment, and the first selection 
instrument 105 described in the third embodiment. 
Furthermore, an example of the display instrument of the 
present invention is equivalent to the white color 
component detection instrument 107 , white display element 
driving instrument 108, white display unit 109, RGB 
display element driving instrument 110, and RGB display 
unit 111 in the fourth embodiment. 
[0259] 

Moreover, an example of three primary colors of the 
present invention is equivalent to an R (red) color, a 
G (green) color, and a B (blue) color in this fourth 
embodiment. An example of chrominance signals of the 
present invention is equivalent to RGB signals in this 
fourth embodiment, and an example of the predetermined 
color component of the present invention is equivalent 
to yellow, magenta, and cyan in this fourth embodiment. 
[0260] 

About the other points, since they are the same as 
those of the second embodiment, explanation is omitted. 
[0261] 

Next, an example of a display method of the present 
invention will be also concurrently explained with the 
operation of such display apparatus of the fourth 
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embodiment. In addition, detailed explanation of the 
same points as the second embodiment is omitted. 
[0262] 

The RGB signals inputted from an apparatus, which 
displays an image on the display apparatus 141, such as 
a personal computer, DVD equipment, or a TV receiver are 
inputted into the color component separation and 
detection instrument 134 . In addition, the R signal among 
the RGB signals inputted is inputted into the R signal 
level conversion instrument 135 and first selection 
instrument 138 , the G signal among the RGB signals inputted 
is inputted into the G signal level conversion instrument 
136 and second selection instrument 139, and the B signal 
among the RGB signals inputted is inputted into the B 
signal level conversion instrument 137 and third 
selection instrument 140. 
[0263] 

The color component separation and detection 
instrument 134 outputs 1 to the first selection instrument 
138 as a cyan color component detection signal, when the 
cyan color component is included in the RGB signals 
inputted, and outputs 0 to the first selection instrument 
138 as the cyan color component detection signal when 
the cyan component is not included in the RGB signals 
inputted . 
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[0264] 

In addition, the color component separation and 
detection instrument 134 outputs 1 to the second selection 
instrument 139 as a magenta color component detection 
signal, when the magenta color component is included in 
the RGB signals inputted, and outputs 0 to the second 
selection instrument 139 as the magenta color component 
detection signal when the magenta component is not 
included in the RGB signals inputted. 
[0265] 

In addition, the color component separation and 
detection instrument 134 outputs 1 to the third selection 
instrument 140 as a yellow color component detection 
signal, when the yellow color component is included in 
the RGB signals inputted, and outputs 0 to the third 
selection instrument 140 as the yellow color component 
detection signal when the yellow color component is not 
included in the RGB signals inputted. The detection of 
the cyan color, magenta color, and yellow color by this 
color component separation and detection instrument 134 
is equivalent to an example of the color detection step 
of the present invention. 
[0266] 

On the other hand, the R signal level conversion 
instrument 135 performs the first color correction of 
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lowering a signal level of a red color, which is a 
complementary color of a cyan color component, to an R 
signal inputted, and the second color correction of 
increasing a red signal level. Then, it outputs to the 
first selection instrument 138 the R signal which is given 
color correction by either color correction of the first 
color correction and second color correction on the basis 
of the switching signal outputted from the switching 
signal generation instrument 104 • 
[0267] 

Then, the first selection instrument 138 selects the 
R signal outputted from the R signal level conversion 
instrument 135 when the cyan color component detection 
signal outputted from the color component separation and 
detection instrument 134 is 1, that is, a cyan color 
component is included in the RGB signals which is inputted 
into the display apparatus 141, and outputs it to the 
white color component detection instrument 107 and RGB 
display element driving instrument 110 . On the other hand, 
the first selection instrument 138 selects the R signal 
among the RGB signals, which is inputted into the display 
apparatus 141, when the cyan color component detection 
signal outputted from the color component separation and 
detection instrument 134 is 0, that is, a cyan color 
component is not included in the RGB signals which is 
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inputted into the display apparatus 141, and outputs it 
to the white color component detection instrument 107 
and RGB display element driving instrument 110. 
[0268] 

The G signal level conversion instrument 136 performs 
the first color correction of lowering a signal level 
of a green color, which is a complementary color of a 
magenta color component, to a G signal inputted, and the 
second color correction of increasing a green signal level . 
Then, it outputs to the second selection instrument 139 
the G signal which is given color correction by either 
color correction of the first color correction and second 
color correction on the basis of the switching signal 
outputted f romthe switching signal generation instrument 
104. 
[0269] 

Then, the second selection instrument 139 selects 
the G signal outputted from the G signal level conversion 
instrument 136 when the magenta color component detection 
signal outputted from the color component separation and 
detection instrument 134 is 1, that is, a magenta color 
component is included in the RGB signals which is inputted 
into the display apparatus 141, and outputs it to the 
white color component detection instrument 107 and RGB 
display element driving instrument 110 . On the other hand, 
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the second selection instrument 139 selects the G signal 
among the RGB signals, which is inputted into the display 
apparatus 141, when the magenta color component detection 
signal outputted from the color component separation and 
detection instrument 134 is 0, that is, a magenta color 
component is not included in the RGB signals which is 
inputted into the display apparatus 141, and outputs it 
to the white color component detection instrument 107 
and RGB display element driving instrument 110. 
[0270] 

The B signal level conversion instrument 137 performs 
the first color correction of lowering a signal level 
of a blue color, which is a complementary color of a yellow 
color component, to a B signal inputted, and the second 
color correction of increasing a blue signal level . Then, 
it outputs to the third selection instrument 140 the.B 
signal which is given color correction by either color 
correction of the first color correction and second color 
correction on the basis of the switching signal outputted 
from the switching signal generation instrument 104. 
[0271] 

Then, the third selection instrument 140 selects the 
B signal outputted from the B signal level conversion 
instrument 137 when the yellow color component detection 
signal outputted from the color component separation and 



detection instrument 134 is 1, that is, a yellow color 
component is included in the RGB signals which is inputted 
into the display apparatus 141, and outputs it to the 
white color component detection instrument 107 and RGB 
display element driving instrument 110 . On the other hand, 
the third selection instrument 140 selects the B signal 
among the RGB signals, which is inputted into the display 
apparatus 141, when the yellow color component detection 
signal outputted from the color component separation and 
detection instrument 134 is 0, that is, a yellow color 
component is not included in the RGB signals which is 
inputted into the display apparatus 141, and outputs it 
to the white color component detection instrument 107 
and RGB display element driving instrument 110. Each 
first color correction and second color correction by 
the R signal level conversion instrument 135, G signal 
level conversion instrument 136, and B signal level 
conversion instrument, which are mentioned above, are 
equivalent to an example of the color correction step 
of the present invention. Moreover, it is equivalent to 
an example of the control step of the present invention 
to select any one of a signal which is given the first 
color correction, a signal which is given the second color 
correction, and an inputted signal in each signal of an 
R signal, a B signal, and a G signal on the basis of the 



- 130 - 

switching signal and the signal from the color component 

separation and detection instrument 134. 

[0272] 

The operation of the white color component detection 
instrument 107, white display element driving instrument 
108, white display unit 109, RGB display element driving 
instrument 110, and RGB display unit 111 is the same as 
that of what were explained in the background art. 
[0273] 

In this way, an image is displayed on a display screen . 
[0274] 

Here, since the RGB signals including both a yellow 
color component and a magenta color component , RGB signals 
including both a yellow color component and a cyan 
component, and RGB signals including both a magenta 
component and a cyan component do not exist, two or more 
of the yellow color component detection signal, magenta 
color component detection signal, and a cyan color 
component detection signal never take 1. Thus, there is 
only either a case that all values of the yellow color 
component detection signal, magenta color component 
detection signal, and cyan color component detection 
signal become 0, or a case that any one signal takes 1. 
[0275] 



Hence, display is performed as follows by using the 
switching signal generation instrument 4 of Figure 9 as 
the switching signal generation instrument 104. Thus, 
a region, where the yellow color component, magenta color 
component, or cyan color component is included, in a 
display screen is alternately displayed, for example as 
a checkered pattern or the like, which is constituted 
of the RGB signals where saturation is increased, and 
the RGB signals where the white color component is 
increased, with a 2-pixels V x 2-pixels H region as a 
block, and when attention is paid to one pixel, it is 
also alternately displayed with the RGB signals where 
saturation is increased every frame, and the RGB signals 
where the white color component is increased. 
[0276] 

In this way, alternating display is performed like 

a checkered pattern or the like with a 2 -pixels V x 2 -pixels 
H region as a block in a region of the display screen 
where the yellow color component, magenta color component, 
or cyan color component is included in the inputted RGB 
signals, that is, a region of the display screen where 
a plurality of pixels having the yellow color component, 
magenta color component, or cyan color component in the 
inputted RGB signals exist adjacently. 
[0277] 
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In this way, height difference in saturation is given 
to a region of the screen by performing display every 
pixel of the region in the region of the display screen, 
where the yellow color component, magenta color component, 
or cyan color component is included in the inputted RGB 
signals, using either of the RGB signals where saturation 
is increased, and the RGB signals where the white color 
component is increased. 
[0278] 

In addition, the region on a display screen where 
the yellow color component, magenta color component, or 
cyan color component is included may be alternately 
displayed, for example, as a checkered pattern or the 
like with a 2-pixels V x 2-pixels H region as a block, 
and alternating display may not be performed every frame . 
In addition, such a region may be displayed in one frame 
with either of the RGB signals, where saturation is 
increased, and the RGB signals where the white color 
component is increased, and alternating display may be 
performed with the RGB signals, where saturation is 
increased, and the RGB signals, where the white color 
component is increased, every frame. 
[0279] 

However, in the case of displaying with either of 
the RGB signals where saturation is increased, and the 
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RGB signals, where the white color component is increased, 
in one frame, and performing the alternating display with 
the RGB signals where saturation is increased, and the 
RGB signals, where the white color component is increased, 
every frame, a flicker arises when the number of frames 
displayed in 1 second is small, and hence, it is necessary 
to enlarge sufficiently the number of frames displayed 
in 1 second. In addition, in this fourth embodiment , when 
attention is paid to a specific pixel, the yellow pixel 
115 and white pixel 116 were switched and displayed every 
frame, but in the case of the interless mode, it may be 
performed per field. For example, when one frame is 
displayed with an odd number field and an even number 
field, the switching of a specific pixel is performed 
every two fields. 
[0280] 

As mentioned above, in the third embodiment, even 
if a bright yellow (yellow with low saturation) , that 
is, pastel yellow image portion being surrounded by white 
or being adjacent to white, it was possible to decrease 
the sense of incongruity that visible color appears 
differently such as the pastel yellow image portion 
seeming greenish and the like. 
[0281] 



In addition, in the fourth embodiment, it is possible 
to decrease the sense of incongruity that visible color 
appears differently, also about bright yellow (yellow 
with low saturation) , that is, pastel yellow, or bright 
magenta (magenta with low saturation) , that is, pastel 
magenta, and bright cyan ( cyan with low saturation) , that 
is, pastel cyan, even if its image portion is surrounded 
by white or is adjacent to white. 
[0282] 

In addition, although it was explained in this fourth 
embodiment that the sense of incongruity of appearance 
of yellow, magenta, and cyan was decreased, it is also 
possible to decrease the sense of incongruity of 
appearance of two or one of these three colors. For 
example, when decreasing the sense of incongruity of 
appearance of only magenta, it is not necessary to provide 
the R signal level conversion instrument 135, first 
selection instrument 138, B signal level conversion 
instrument 137, and third selection instrument 140. 
[0283] 

(Embodiment 5) 

Next, the fifth embodiment will be described. 
[0284] 

In the fifth embodiment, a display apparatus will 
be explained which, even if a bright yellow (yellow with 
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low saturation) , that is, pastel yellow image portion 
being surrounded by white or being adjacent to white, 
can decrease the sense of incongruity that visible color 
appears differently such as the pastel yellow image 
portion seeming greenish and the like by performing color 
correction according to whether a display portion 
fulfills a predetermined condition. 
[0285] 

Figure 14 is a block diagram showing the structure 
of a display apparatus 212 of the fifth embodiment. 
[0286] 

The display apparatus 212 is constituted of color 
component separation and detection instrument 201, first 
signal level conversion processing instrument 202, second 
signal level conversion processing instrument 203, first 
switching signal generation instrument 204, first 
selection instrument 205, second selection instrument 
206, white color component detection instrument 207, 
white display element driving instrument 208, a white 
display unit 209, RGB display element driving instrument 
210, an RGB display unit 211 , pattern detection instrument 
213, and an arithmetic unit 214. 
[0287] 

The color component separation and detection 
instrument 201 is the instrument which performs the 
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separation and detection of a yellow color component, 
when the yellow color component is included in RGB signals 
inputted . 
[0288] 

The first signal level conversion processing 
instrument 202 is the instrument which inputs a B signal 
among the RGB signals inputted, and performs the 
conversion of lowering a signal level of a blue color, 
which is a complementary color of a yellow color component, 
to the B signal. 
[0289] 

The second signal level conversion processing 
instrument 203 is the instrument which inputs a B signal 
among the RGB signals inputted, and performs the 
conversion of increasing a signal level of a blue color, 
which is a complementary color of a yellow color component , 
to the B signal. 
[0290] 

The first switching signal generation instrument 204 
is the instrument which outputs a signal for the first 
selection instrument 205 selecting either the B signal 
outputted from the first signal level conversion 
processing instrument 202 or the B signal outputted from 
the second signal level conversion processing instrument 
203. 
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[0291] 

The first selection instrument 205 is the instrument 
which selects and outputs either the B signal outputted 
from the first signal level conversion processing 
instrument 202 or the B signal outputted from the second 
signal level conversion processing instrument 203 on the 
basis of the signal outputted from the switching signal 
generation instrument 204. 
[0292] 

The second selection instrument 206 is the instrument 
which selects and outputs either of the B signal outputted 
from the first selection instrument 205, and the B signal 
among the RGB signals inputted into the display apparatus 

212 on the basis of an output of the arithmetic unit 214. 
[0293] 

The pattern detection instrument 213 is the 
instrument which detects whether an input signal 
displayed on a plurality of pixels fulfills the 
predetermined condition . 
[0294] 

The arithmetic unit 214 is the instrument which makes 
the detection result of the yellow color component of 
the color component separation and detection instrument 
201, and the result of the pattern detection instrument 

213 as an input, and performs logical operation. 
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[0295] 

In addition, since the white color component 
detection instrument 207, white display element driving 
instrument 208, white display unit 209, RGB display 
element driving instrument 210, and RGB display unit 211 
are the same as those of what are explained in the 
background art, explanation is omitted. 
[0296] 

Furthermore, an example of the color detection 
instrument of the present invention is equivalent to the 
color component separation and detection instrument 201 
in this fifth embodiment- Moreover, an 'example of the 
color correction instrument of the present invention is 
equivalent to the first signal level conversion 
processing instrument and second signal level conversion 
processing instrument in this fifth embodiment. In 
addition, an example of the judging instrument of the 
present invention is equivalent to the pattern detection 
instrument 213 in this fifth embodiment, and an example 
of the control instrument of the present invention is 
equivalent to the arithmetic unit 214, first switching 
signal generation instrument 204, first selection 
instrument, and second selection instrument 206 in this 
fifth embodiment . Furthermore, an example of the display 
instrument of the present invention is equivalent to the 
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white color component detection instrument 207, white 
display element driving instrument 208, white display 
unit 209, RGB display element driving instrument 210, 
and RGB display unit 211 of this fifth embodiment. 
[0297] 

Moreover, the R (red) color, G (green) color, and 
B (blue) color of this fifth embodiment are examples of 
the three primary colors of the present invention, the 
RGB signals of this fifth embodiment are examples of the 
chrominance signals of the present invention, and the 
yellow of this fifth embodiment is an example of the 
predetermined color component of the present invention. 
[0298] 

Next, an example of a display method of the present 
invention will be also concurrently explained with the 
operation of the display apparatus, having the 
above-mentioned structure, in this fifth embodiment. 
[0299] 

The RGB signals inputted from an apparatus, which 
displays an image on the display apparatus 212, such as 
a personal computer, DVD equipment, or a TV receiver are 
inputted into the color component separation and 
detection instrument 201 and pattern detection instrument 
213. In addition, the B signal among the RGB signals 
inputted is inputted into the first signal level 
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conversion processing instrument 2 02 , second signal level 
conversion processing instrument 203, and second 
selection instrument 206. Furthermore, the R signal and 
G signal among the RGB signals inputted are inputted into 
the white color component detection instrument 207 and 
RGB display element driving instrument 210. 
[0300] 

The color component separation and detection 
instrument 201 detects whether the RGB signals which are 
inputted include the yellow color component (this is 
equivalent to an example of the color detection step of 
the present invention) . 
[0301] 

An example of the RGB signals is shown in Figure 5. 
The R signal which expresses red, the G signal which 
expresses green, and the B signal which expresses blue 
are signals which can take 256 kinds of values from 0 
to 255 respectively, and the larger this value is, the 
brighter color is expressed. The green color component 
31, yellow color component 32, and white color component 
33 are included in the RGB signals of Figure 5. 
[0302] 

It is possible to perform the detection of the yellow 
color component from the RGB signals, by detecting the 
case that both of a value of the R signal and a value 
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of the G signal are larger than a value of the B signal. 
Thus, the yellow color component is included in the RGB 
signals when both of the value of the R signal and the 
value of the G signal are larger than the value of the 
B signal. 
[0303] 

The color component separation and detection 
instrument 201 outputs 1 when the yellow color component 
is included in the RGB signals, and it outputs 0 when 
the yellow color component is not included in the RGB 
signals. Then, the output of the color component 
separation and detection instrument 201 is inputted into 
the arithmetic unit 214. 
[0304] 

The pattern detection instrument 213 outputs 1, when 
an input signal displayed on a plurality of pixels does 
not fulfill a predetermined condition, and it outputs 
0 when fulfilling (it is equivalent to an example of the 
decision step of the present invention) . Then, the output 
of the pattern detection instrument 213 is inputted into 
the arithmetic unit 214. In addition, the operation of 
the pattern detection instrument 213 will be described 
later . 
[0305] 
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The arithmetic unit 214 outputs the AND of the 
detection result of the yellow color component of the 
color component separation and detection instrument 1, 
and the result of the pattern detection instrument 213, 
which is inputted into the second selection instrument 
206. 
[0306] 

On the other hand, the first signal level conversion 
processing instrument 202 inputs the B signal among the 
RGB signals inputted into the display apparatus 212, and 
performs the conversion of lowering a signal level of 
a blue color which is a complementary color of the yellow 
color component. In other words, the first signal level 
conversion processing instrument 202 performs the 
conversion of increasing saturation when the yellow color 
component is included in the RGB signals inputted into 
the display apparatus 212. 
[0307] 

Figure 2(a) shows the conversion processing which 
the first signal level conversion processing instrument 
202 performs to the B signal. Thus, the horizontal axis 
of Figure 2(a) shows the value of the B signal inputted 
into the first signal level conversion processing 
instrument 202, and the vertical axis shows the value 
of the B signal after the first signal level conversion 
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processing instrument 202 performs the conversion 
processing. The first signal level conversion 
processing instrument 202 has stored beforehand a 
conversion table for performing the conversion processing 
shown in Figure 2(a), and performs the conversion 
processing of Figure 2(a) using the conversion table- 
In addition, although it was explained that the first 
signal level conversion processing instrument 202 
performed the conversion processing shown in Figure 2 (a) 
using the conversion table, it is not limited to this. 
For example, the conversion processing of Figure 2(a) 
may be performed using a method other than the conversion 
table, such as performing the conversion processing shown 
in Figure 2(a) by data processing by hardware or software . 
[0308] 

Apparently from Figure 2(a), when the value of the 
B signal inputted into the first signal level conversion 
processing instrument 202 is smaller than a predetermined 
value, the value of the B signal outputted from the first 
signal level conversion processing instrument 202 is set 
at 0. Then, when the value of the B signal inputted into 
the first signal level conversion processing instrument 
202 is larger than the predetermined value, the value 
of the B signal outputted from the first signal level 
conversion processing instrument 202 is set at a value 
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larger than 0, but it is set at a value smaller than the 
value of B signal inputted into the first signal level 
conversion processing instrument 202. 
[0309] 

In this way, since the first signal level conversion 
processing instrument 202 converts the value of the B 
signal inputted as shown in Figure 2 (a) , the value of 
the B signal in the RGB signals outputted from the first 
signal level conversion processing instrument 202 becomes 
small in comparison with the RGB signals at the time of 
an input. This B signal outputted from the first signal 
level conversion processing instrument 202 is made a first 
B signal. 
[0310] 

Thus, when the RGB signals inputted into the display 
apparatus 212 include the yellow color component 32 as 
shown in Figure 5, RGB signals are newly constituted of 
the first B signal, outputted from the first signal level 
conversion processing instrument 202, and the R signal 
and G signal which are inputted into the display apparatus 
212. The constituted RGB signals become signals where 
saturation is increased in comparison with the RGB signals 
inputted into the display apparatus 212, since the yellow 
color component 32 increases and the white color component 
33 decreases. The color correction of increasing 
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saturation like this is equivalent to an example of the 
first color correction of the present invention, and let 
these RGB signals, where saturation increases, be first 
RGB signals, which are equivalent to examples of the first 
chrominance signals of the present invention, 

in addition, the second signal level conversion 
processing instrument 203 performs the conversion of 
increasing a signal level of a blue color, which is a 
complementary color of the yellow color component, to 
the B signal among the RGB signals inputted into the display 
apparatus 212. In other words, the second signal level 
conversion processing instrument 203 performs the 
conversion of increasing a white color component when 
the yellow color component is included in the RGB signals 
inputted into the display apparatus 212. 
[0311] 

Figure 2 (b) shows the conversion processing which 
the second signal level conversion processing instrument 
203 performs to the B signal. Thus, the horizontal axis 
of Figure 2 (b) shows the value of the B signal inputted 
into the second signal level conversion processing 
instrument 203, and the vertical axis shows the value 
of the B signal after the third signal level conversion 
processing instrument 203 performs the conversion 
processing. The second signal level conversion 
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processing instrument 203 has stored beforehand a 
conversion table for performing the conversion processing 
shown in Figure 2(b), and performs the conversion 
processing of Figure 2(b) using the conversion table. 
In addition, although it was explained that the second 
signal level conversion processing instrument 203 
performed the conversion processing shown in Figure 2 (b) 
using the conversion table, it is not limited to this. 
For example, the conversion processing of Figure 2 (b) 
may be performed using a method other than the conversion 
table, such as performing the conversion processing shown 
in Figure 2(b) by data processing by hardware or software . 
[0312] 

Since the second signal level conversion processing 
instrument 203 converts the value of the B signal inputted 
as shown in Figure 2 (b) , the value of the second B signal 
in the RGB signals outputted from the second signal level 
conversion processing instrument 203 becomes large in 
comparison with the B signals at the time of an input. 
Thus, when the RGB signals inputted into the display 
apparatus 212 include the yellow color component 32, RGB 
signals are newly constituted of the B signal, outputted 
from the second signal level conversion processing 
instrument 203, and the R signal and G signal which are 
inputted into the display apparatus 212 . The constituted 
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RGB signals become signals where the white color component 
increases in comparison with the RGB signals inputted 
into the display apparatus 212 . In addition, the B signal 
outputted from the second signal level conversion 
processing instrument 203 is made a second B signal. 
Furthermore, the color correction of increasing the white 
color component is equivalent to an example of the second 
color correction of the present invention, and let these 
RGB signals, where the white color component increases, 
be second RGB signals, which are equivalent to examples 
of the second chrominance signals of the present invention . 
Moreover, the conversion of the B signal level by the 
first signal level conversion instrument 202 and second 
signal level conversion instrument 203 is equivalent to 
an example of the color correction step of the present 
invention . 
[0313] 

The first switching signal generation instrument 204 
generates a switching signal using the dot clock, 
horizontal synchronizing signal, and vertical 
synchronizing signal for determining the timing when the 
RGB display element driving instrument 210 and white 
display element driving instrument 208 of the display 
apparatus 212 drives the RGB display unit 211 and white 
display unit 209, and outputs it to the first selection 
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instrument 205. This switching signal is a signal of 
taking a value of either lor 0. In addition, the operation 
of the first switching signal generation instrument 204 
will be described later. 
[0314] 

The first selection instrument 205 selects the first 
B signal outputted from the first signal level conversion 
processing instrument 202 when the value of the switching 
signal outputted from the first switching signal 
generation instrument 204 is 1, and outputs it to the 
second selection instrument 206, and selects the second 
B signal outputted from the second signal level conversion 
processing instrument 203 when the value of the switching 
signal is 0, and outputs it to the second selection 
instrument 206. 
[0315] 

When the value of the signal which the arithmetic 
unit 214 outputs is 1, that is, when the yellow color 
component is included and the predetermined condition 
is not fulfilled, the second selection instrument 206 
selects the first or second B signal outputted from the 
first selection instrument 205, and outputs it to the 
RGB display element driving instrument 210 and white color 
component detection instrument 207. 
[0316] 
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When the value of the signal which the arithmetic 
unit 214 outputs is 0, that is, when the yellow color 
component is not included or the predetermined condition 
is fulfilled, the second selection instrument 206 outputs 
the B signal among the RGB signals, inputted into the 
display apparatus 212, without conversion processing to 
the RGB display element driving instrument 210 and white 
color component detection instrument 207. This B signal 
outputted without conversion processing is made a third 
B signal. Moreover, let RGB signals, which are 
constituted of this B signal, which is not given the 
conversion processing, and the R signal and G signal, 
which are inputted into the display apparatus 212, be 
third chrominance signals, which is an example of chroma 
signals which are not given the color correction of the 
present invention. In addition, the selection of the 
first B signal or second B signal by the switching signal 
mentioned above, and the selection of the first B signal, 
second B signal or third B signal by the second selection 
instrument 206 are equivalent to an example of the control 
step of the present invention. 
[0317] 

Thus, the R signal and G signal which are inputted 
into the display apparatus 201, and one of the first to 
third B signals outputted from the second selection 
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instrument 206 are inputted into the RGB display element 
driving instrument 210 and white color component 
detection instrument 207. Then, the white color 
component detection instrument 207 and RGB display 
element driving instrument 210 process the R signals, 
G signal, and B signal as a new RGB signal. 
[0318] 

In addition, the operation of the white color 
component detection instrument 207 , white display element 
driving instrument 208, white display unit 209, RGB 
display element driving instrument 210, and RGB display 
unit 211 is the same as that of what were explained in 
the background art. 
[0319] 

As mentioned above, an image is displayed on a display 
screen . 
[0320] 

By the way, the switching signal which the first 
switching signal generation instrument 204 outputs is, 
for example, such a signal that the value of the switching 
signal becomes 0 in a pixel adjacent to a certain pixel 
in a horizontal direction when the value of the switching 
signal is 1 to the certain pixel, and, the value of the 
switching signal becomes 1 in a further horizontally 
adj a cent pixel . Thus , when attention is paid to a 
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horizontal pixel row, the switching signal takes 0 and 
1 in turn . Similarly, when attention is paid to a vertical 
pixel column, the switching signal takes 0 and 1 in turn. 
[0321] 

Hence, as shown in Figure 15, yellow pixels 218 where 
the first RGB signals are displayed, and white pixels 
219 where the second RGB signals are displayed will be 
alternately displayed (displayed in a checkered pattern) 
in a region of the display screen where the yellow color 
component is included in the inputted RGB signals, that 
is, a region of the display screen where a plurality of 
pixels having a yellow color component in the inputted 
RGB signals exist adjacently. 
[0322] 

In this way, the display apparatus 212 gives the height 
difference in saturation to the region of the display 
screen by performing display every pixel of the region 
in the region of the display screen, where the yellow 
color component is included in the inputted RGB signals, 
using either of the first RGB signals where saturation 
is increased, and the second RGB signals where the white 
color component is increased. 
[0323] 

Hence, for example, bright yellow. (yellow with low 
saturation), that is, pastel yellow is displayed with 
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the yellow pixels 218 whose saturation is increased more, 
and the white pixels 219 where the white color component 
is increased more. Hence, it will be felt to human eyes 
by the storage effect of human eyes that bright yellow 
(yellow with low saturation), that is, pastel yellow is 
displayed. 
[0324] 

Further, since it is possible to increase the 
brightness of an image portion by displaying bright yellow 
(yellow with low saturation), that is, pastel yellow by 
the alternating display with the yellow whose saturation 
is increased more, and the yellow where the white color 
component is increased more, even if the image portion 
being surrounded by white or being adjacent to white, 
it is possible to decrease the sense of incongruity that 
visible color appears differently such as the pastel 
yellow image portion seeming greenish and the like. 
[0325] 

In addition, although bright yellow ( yellow with low 
saturation), that is, pastel yellow is expressed by the 
alternating display of the yellow pixels 218 and the white 
pixels 219 every pixel for a region of the display screen 
where the yellow color component is included in the 
inputted RGB signals in Figure 15, an equivalent effect 
can be obtained also by temporally alternating display. 



- 153 - 

That is, when a certain pixel is displayed with the first 
RGB signals, it is possible to perform display with the 
second RGB signal in the following frame. 
[0326] 

That is, also when the first RGB signals, and second 
RGB signals are switched and displayed every frame 
temporally by switching the first B signal and second 
B signal every frame, it is possible to decrease the sense 
of incongruity that visible color appears differently 
as mentioned above. In this way, it is equivalent to an 
example of the control of the present invention to switch 
and display the first RGB signals and second RGB signals 
temporally . 
[0327] 

Next, as mentioned above, the first switching signal 
generation instrument 204 will be described. 
[0328] 

The structural example of the first switching signal 
generation instrument 204 is shown in Figure 16(a) . The 
first switching signal generation instrument 204 is 
constituted of a 1/2 frequency divider 22 0, a 1/2 frequency 
divider 221, a 1/2 frequency divider 222 , and calculation 
instrument 231. 
[0329] 
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The 1/2 frequency divider 220 is the instrument which 
performs the 1 /2-f requency dividing of a dot clock signal 
268 inputted for the white display element driving 
instrument 208 and RGB display element driving instrument 
210 to determine the timing of display every pixel, and 
outputs a pixel alternating signal 223. 
[0330] 

The 1/2 frequency divider 221 is the instrument which 
performs the 1/2 frequency dividing of a horizontal 
synchronizing signal 269 inputted for the white display 
element driving instrument 208 and RGB display element 
driving instrument 210 to determine the timing of display 
every horizontal period, and outputs a line alternating 
signal 224. 
[0331] 

The 1/2 frequency divider 222 is the instrument which 
performs the 1/2 frequency dividing of a vertical 
synchronizing signal 270 inputted for the white display 
element driving instrument 208 and RGB display element 
driving instrument 210 to determine the timing of display 
every frame, and outputs a frame alternating signal 225. 
[0332] 

The calculation instrument 253 is the instrument 
which obtains the exclusive OR of the pixel alternating 
signal 223, line alternating signal 224, and frame 
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alternating signal 225, and outputs the obtained 

exclusive OR as a switching signal 226. 

[0333] 

Thus, the dot clock signal 268 is inputted into the 
1/2 frequency divider 220, the 1/2 frequency divider 220 
performs the frequency dividing of the dot clock signal 
268, and outputs the pixel alternating signal 223. 
[0334] 

In addition, the horizontal synchronizing signal 269 
is inputted into the 1/2 frequency divider 220 and 
frequency divider 221 . The 1/2 frequency divider 220 is 
reset in the initial state at the timing when the horizontal 
synchronizing signal 269 is inputted. Furthermore, the 
1/2 frequency divider 221 performs the frequency dividing 
of the horizontal synchronizing signal 269, and outputs 
the line alternating signal 224 . 
[0335] 

Moreover, the vertical synchronizing signal 270 is 
inputted into the 1/2 frequency divider 221 and 1/2 
frequency divider 222. The 1/2 frequency divider 221 is 
reset in the initial state when the vertical synchronizing 
signal 270 is inputted. In addition, the 1/2 frequency 
divider 222 performs the 1/2-f requency dividing of the 
vertical synchronizing signal 270, and outputs the frame 
alternating signal 225. 
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[0336] 

The calculation instrument 231 inputs the pixel 
alternating signal 223, line alternating signal 224, and 
frame alternating signal 225, obtains the exclusive OR 
of them, and outputs it as the switching signal 226. 
[0337] 

Since the 1/2 frequency divider 220 and the 1/2 
frequency divider 221 perform the 1/2 frequency dividing 
of the dot clock signal 268 and horizontal synchronizing 
signal 269 respectively, the switching signal 226 becomes 
what expresses a checkered pattern every frame. Thus, 
the switching signal 226 is a signal using the dot clock 
signal 2 68 inputted so as to determine the timing of display 
every pixel. 
[0338] 

Since the first B signal or second B signal is switched 
and selected every pixel by the first selection instrument 
205 using the first switching signal generation 
instrument 204 of Figure 16(a), the first chrominance 
signals or second chrominance signals are displayed in 
turn spatially every pixel in a region, where the yellow 
color component is contained, in the display screen. 
[0339] 

Moreover, when attention is paid to a specific pixel, 
when the yellow color component is contained in the display 
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screen, the first chrominance signals and second 
chrominance signals are switched and displayed every 
frame . 
[0340] 

An example of an output of the switching signal 226 
is shown in Figure 17. 
[0341] 

A display region 233 is a region including pastel 
yellow pixels 2 32 , a display region 234 is a display region 
at the time of a certain frame displayed by the first 
switching signal generation instrument 204 , and a display 
region 235 is a display region at the time of the next 
frame of the display region 234 displayed by the first 
switching signal generation instrument 204. 
[0342] 

As shown in Figure 17, the yellow pixels 236 and white 
pixels 237 are alternately displayed in the checkered 
pattern in the display region 234 and display region 235, 
and when attention is paid to specific pixels, the yellow 
pixel 236 and white pixel 237 are switched and displayed 
in the display region 234 and display region 235. Here, 
the yellow pixel 236 is what the first RGB signals which 
is given the conversion processing so that saturation 
may increase are displayed, the white pixel 237 is what 
the second RGB signals which is given the conversion 
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processing so that a white color component may increase 

is displayed. 

[0343] 

Moreover, the case where a display region contains 
a small number of black pixels 241 in a plurality of pastel 
yellow pixels 232 will be also described . A display region 
261 of Figure 18 shows a display region including a small 
number of black pixels 241 in a plurality of pastel yellow 
pixels 232 . In addition, a display region 262 is a display 
region at the time of a certain frame which displays 
chrominance signals, which are displayed like the display 
region 261, by the display apparatus 212. Moreover, a 
display region 263 shows a display region at the time 
of the next frame of the display region 262. 
[0344] 

As to a plurality of chrominance signals displayed 
on this display region 261, when the predetermined 
condition is not fulfilled, the first B signal or second 
B signal is selected by the first selection instrument 
205 in turn, and as to a black signal which does not include 
a yellow color component, the third B chrominance signal 
which is not given correction is selected by the second 
selection instrument 206, which is combined with the R 
signal and G signal, and is displayed. 
[0345] 
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Here, since the selection of the first or second B 
signal by the first selection instrument is performed 
every pixel, this is also performed when the third B signal 
is selected and displayed by the second selection 
instrument 206. Therefore, assuming that there is no 
black pixel 241 temporarily and all the chrominance 
signals displayed in the display region 261 include the 
yellow color component as shown in the display region 
262, the display device 212 displays the yellow pixels 
236 and white pixels 237 in turn, and displays the black 
pixels 241 as it is. Displaying like this display region 
262 is equivalent to an example of the control of the 
present invention . 
[0346] 

In addition, Figure 16(b) shows another structure 
of the first switching signal generation measure 204. 
The first switching signal generation instrument 204 of 
Figure 16(b) is constituted of a frequency dividers 227 
where two 1/2 frequency dividers are connected in series, 
a frequency divider 228 where two 1/2 frequency dividers 
are connected in series similarly to 227, a 1/2 frequency 
divider 229, and calculation instrument 231. 
[0347] 

The frequency divider 227 is the instrument which 
repeats twice the 1/2-f requency dividing of the dot clock 
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signal 268 inputted for the white display element driving 
instrument 208 and RGB display element driving instrument 
210 to determine the timing of display every pixel, and 
outputs it as the pixel alternating signal 223. 
[0348] 

The frequency divider 228 is the instrument which 
repeats twice the 1/2-f requency dividing of the 
horizontal synchronizing signal 269 inputted for the 
white display element driving instrument 208 and RGB 
display element driving instrument 210 to determine the 
timing of display every horizontal period, and outputs 
it as the line alternating signal 224. 
[0349] 

The 1/2 frequency divider 222 is the instrument which 
performs the 1/2 frequency dividing of the vertical 
synchronizing signal 270 inputted for the white display 
element driving instrument 208 and RGB display element 
driving instrument 210 to determine the timing of display 
every frame, and outputs the frame alternating signal 
225. 
[0350] 

The calculation instrument 231 is the instrument 
which obtains the exclusive OR of the pixel alternating 
signal 223, line alternating signal 224, and frame 
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alternating signal 225, and outputs the obtained 

exclusive OR as a switching signal 230. 

[0351] 

Thus, the dot clock signal 268 is inputted into the 
frequency divider 227, the frequency divider 227 repeats 
twice the 1/2-frequency dividing using the dot clock 
signal 268 inputted, and outputs a generated signal as 
the pixel alternating signal 223. 
[0352] 

In addition, the horizontal synchronizing signal 269 
is inputted into the frequency divider 227 and frequency 
divider 228. The frequency divider 227 is reset in the 
initial state at the timing when the horizontal 
synchronizing signal 269 is inputted. In addition, the 
frequency divider 228 repeats twice the 1/2-frequency 
dividing using the horizontal synchronizing signal 269, 
and outputs the line alternating signal 224. 
[0353] 

Furthermore, the vertical synchronizing signal 270 
is inputted into the frequency divider 228 and the 1/2 
frequency divider 22 9 . The frequency divider 228 is reset 
in the initial state when the vertical synchronizing 
signal 270 is inputted. In addition, the 1/2 frequency 
divider 229 performs the 1/2-frequency dividing of the 
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vertical synchronizing signal 270, and outputs the frame 

alternating signal 225. 

[0354] 

The calculation instrument 231 inputs the pixel 
alternating signal 223, line alternating signal 224, and 
frame alternating signal 225, obtains the exclusive OR 
of them, and outputs it as the switching signal 230. 
[0355] 

An example of an output of the switching signal 230 
is shown in Figure 19. 
[0356] 

A display region 238 is a region including the pastel 
yellow pixels 232, a display region 23 9 is a display region 
at the time of a certain frame displayed by the first 
switching signal generation instrument 2 04 , and a display 
region 240 is a display region at the time of the next 
frame of the display region 239 displayed by the first 
switching signal generation instrument 204. 
[0357] 

As shown in Figure 19, the yellow pixels 236 and white 
pixels 237 are alternately displayed in the checkered 
pattern with a 2-pixels V x 2-pixels H region as a block 
in the display region 239 and display region 240, and 
when attention is paid to a specific pixel, the yellow 
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pixel 236 and white pixel 237 are switched and displayed 
in the display region 239 and display region 240. 
[0358] 

In addition, in this fifth embodiment , when attention 
is paid to a specific pixel, the yellow pixel 236 and 
white pixel 237 were switched and displayed every frame, 
but in the case of the interless mode, it may be performed 
per field. For example, when one frame is displayed with 
an odd number field and an even number field, the switching 
of a specific pixel is performed every two fields . 
[0359] 

Next, as mentioned above, the pattern detection 
instrument 213 will be described, but before that, a 
problem at the time when not performing pattern detection 
will be described. 
[0360] 

When an output of the second selection instrument 
206 is display in the display region 233 where a plurality 
of pixels having the pastel yellow pixel 232 as shown 
in Figure 17 exist adjacently using the switching signal 
226 of Figure 16(a), the pastel yellow pixel 232 is 
converted into the yellow pixel 236 and the white pixel 
237, and the yellow pixel 236 and white pixel 237 are 
alternately displayed in a checkered pattern as the 
display region 234 and display region 235 . Furthermore, 
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since the display region 234 and display region 235 
alternate every frame, an image into which the yellow 
pixel 236 and white pixel 237 are synthesized appears 
owing to a storage effect of human being's eyes. 
[0361] 

On the other hand, Figure 20 shows an example of 
displaying an output of the second selection instrument 
206 in the display region 242, where a checkered pattern 
is constituted of the pastel yellow pixels 232 and black 
pixels241, using the switching signal 226 of Figure 16 (a) . 
In addition, since the problem at the time when not 
performing pattern detection is described, the second 
selection instrument 206 selects the first B signal or 
second B signal from the first selection instrument 205 
when a predetermined color component is detected, and 
it selects the third B signal , which is not given correction, 
when the predetermined color component is not detected. 
[0362] 

A display region 243 is a display region at the time 
of a certain frame where an output of the second selection 
instrument 206 is displayed using the switching signal 
226, and a display region 244 is a display region at the 
time of the next frame of the display region 243. 
[0363] 
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As shown in Figure 20, when pixels originally having 
the pastel yellow pixel 232 exist every one pixel, in 
a frame of the display region 243, all the pastel yellow 
pixels 232 are converted into the yellow pixels 236, and 
the yellowpixels 236 and black pixels 241 are alternately 
displayed in a checkered pattern. This is because the 
third chrominance signals (black) which are not given 
the color correction are displayed because the third B 
signal which is not given the correction is selected in 
the second selection instrument 206 since the chrominance 
signals corresponding to the black pixel 241 does not 
include a yellow color component. Moreover, since the 
black pixel 241 does not have luminance and saturation, 
that is, the display region 243 becomes a screen which 
is constituted of only yellow pixels 236. 
[0364] 

In addition, in a frame of the display region 244, 
all the pastel yellow pixels 232 are converted into the 
white pixels 237, and the white pixels 237 and black pixels 
241 are alternately displayed in a checkered pattern. 
Thus, the display region 244 becomes a screen which is 
constituted of only the white pixels 237. 
[0365] 

Then, since the display region 243 and display region 
244 alternate every frame, a display region, which is 
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constituted of only the yellow pixels 236, and a display 
region which is constituted of only white pixels 237 
alternate in a frame. In this case, since the whole 
display region is constituted of only the yellow pixels 
236 or white pixels 237, it appears a flicker when frame 
alternating is performed. 
[0366] 

In order to solve this problem, the pattern detection 
instrument 213 detect whether a plurality of RGB signals 
displayed on a display region fulfill a predetermined 
condition. This predetermined condition is, for example, 
a case of spatial arrangement like a display region 242 
shown in Figure 20. Thus, it is a case that a pixel which 
was the pastel yellow pixel 232 is constituted of only 
the yellow pixel 236 or only the white pixel 237 as a 
display result of the display apparatus 212 displaying. 
As is evident from this example, it is necessary according 
to the first switching signal generation instrument 204 
to change the predetermined condition judged by the 
pattern detection instrument 213. 
[0367] 

In addition, as for the example of being given the 
first switching signal generation instrument 204 of 
Figure 16(a) , the spatial arrangement that a pixel which 
was the pastel yellow pixel 232 is constituted of only 
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the yellow pixel 236 is not limited to the case that the 
pastel yellow pixel 232 and a pixel in which chrominance 
signals which do not include a yellow color component 
are displayed constitutes the checkered pattern. 
[0368] 

Figure 21 shows a display region 245 where a part 
of pastel yellow pixels 232 which constitute a checkered 
pattern is changed into the black pixels. The display 
region 245 is a region including pastel yellow pixels 
232, a display region 246 is a display region at the time 
of a certain frame where an output of the second selection 
instrument 206 is displayed using the switching signal 
226 of Figure 16 (a) , and a display region 247 is a display 
region at the time of the next frame of the display region 
246. As shown in the display region 246, the pixels which 
were the pastel yellow pixels 232 are constituted of only 
the yellow pixels 236. Also in this case, it appears a 
flicker when frame alternating is performed. 
[0369] 

As mentioned above, the case where the whole display 
region is constituted of only the yellow pixels 236 or 
white pixels 237 except the black pixels 241 is equivalent 
to an example of the predetermined condition of the present 
invention. Moreover, the predetermined condition of the 
present invention, that is, the case that the chrominance 
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signals which do not include the above-mentioned color 
component are displayed without the above-mentioned color 
correction, and the chrominance signals including the 
above-mentioned color component are spatially 
alternately displayed with the above-mentioned first 
chrominance signals and the above-mentioned second 
chrominance signals assuming that all the chrominance 
signals displayed on pixels of the above-mentioned 
predetermined region include the predetermined color 
component is, for example, in this fifth embodiment, a 
case as shown in the display regions 243 and 244 of Figure 
20 and the display regions 24 6 and 247 of Figure 21 where 
the yellow pixels 236 and white pixels 237 are alternately 
displayed and the black chrominance signal is displayed 
as black pixels 241 as it is, as shown in the display 
region 2 34 of Figure 17 in regard to the chrominance signals 
displayed in a predetermined display region. 
[0370] 

In addition, although the example that the 
predetermined condition is the case that the pixels which 
were the pastel yellow pixels 232 were constituted of 
only the yellow pixels 236 like the examples of the display 
regions 242 and 243 was cited, a small number of white 
pixels 237 in comparison with the yellow pixels 236 may 
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exist in the pixels which were the pastel yellow pixels 

232. 

[0371] 

In this case, in the display region at the time of 
a certain frame, a case that an area displayed as the 
yellow pixels 236 exists by 5% or larger than an area 
displayed as the white pixels 237 is made the predetermined 
condition. The figure of this 5% is an actual measurement 
obtained by measurement . In addition, a case that an area 
displayed as the white pixels 237 exists by 5% or larger 
than an area displayed as the yellow pixels 236 can be 
also made the predetermined condition. Such 
predetermined conditions are equivalent to examples of 
the predetermined condition of the present invention. 
[0372] 

In addition, a specific pixel alternates into the 
yellow pixel 236 and white pixel 237 every frame by the 
1/2 frequency divider 222 of the first switching signal 
generation instrument 204. It was described that, when 
the display region 242 fulfilled the predetermined 
condition at the time of performing this alternation, 
a flicker arose. However, although a flicker does not 
arise since the yellow pixels 236 and white pixels 237 
do not alternate every field when there is no 1/2 frequency 
divider 222 of the first switching signal generation 
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instrument 204 of Figure 16(a), it is not possible to 
sufficiently obtain the above-mentioned effect of 
increasing the brightness of an image portion by 
displaying the pastel yellow pixels 232 in the alternating 
display of the yellow pixels 236 whose saturation is 
increased more, and the white pixels 237 where the white 
color component is increased more. 
[0373] 

For example, when an output of the first selection 
instrument 205 is displayed in the display region 242, 
where a checkered pattern is constituted of the pastel 
yellow pixels 232 and black pixels 241 as shown in Figure 
20, using the first switching signal generation 
instrument 204 of Figure 16(a) in the structure without 
the 1/2 frequency divider 222, a display region is 
constituted of the yellow pixels 236 and black pixels 
241 like the display region 243 of Figure 20. That is, 
the pastel yellow pixel 232 is converted only into the 
yellow pixel 236 whose saturation is increased more, and 
the brightness of its image portion does not increase. 
[0374] 

Thus, as the examples of the display regions 242 and 
243, when pixels which were the pastel yellow pixels 232 
are constituted of only the yellow pixels 236, a display 
area of the yellow pixels 236 exists by 5% or larger than 
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a display area of the white pixels 237, and the yellow 
pixels 236 and white pixels 237 do not alternate every 
field, the brightness of its image portion does not 
increase . 
[0375] 

In addition, when an output of the first selection 
instrument 205 is displayed in the display region 242, 
where a checkered pattern is constituted of the pastel 
yellow pixels 232 and black pixels 241 as shown in Figure 
20, using the first switching signal generation 
instrument 204 of Figure 16(a) in the structure without 
the 1/2 frequency divider 222, the display region 242 
may be also converted into a display region which is 
constituted of the white pixels 237 and black pixels 241 
like the display region 244. In this case, the pastel 
yellow pixels 232 are converted only into the white pixels 
237 where the white color component is increased more, 
and the decrease of saturation of its image portion becomes 
large . 
[0376] 

Thus, as the examples of the display regions 242 and 
244, when pixels which were the pastel yellow pixels 232 
are constituted of only the white pixels 237, a display 
area of the white pixels 237 exists by 5% or larger than 
a display area of the yellow pixels 236, and the yellow 
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pixels 236 and white pixels 237 do not alternate every 
field, the decrease of saturation of its image portion 
is large. 
[0377] 

In order to prevent a flicker arisen the decrease 
of brightness or saturation, or arisen at the time of 
frame alternation as mentioned above, it is detected 
whether a predetermined condition is fulfilled by the 
pattern detection instrument 213. 
[0378] 

Hereafter, an embodiment of the pattern detection 
instrument 213 will be described. 
[0379] 

An example of detecting a checkered pattern as a 
predetermined condition will be shown using Figure 22, 
Figure 23, and Figure 24. As shown in Figure 22, the 
checkered pattern is constituted of black pixels 248, 
250, and 252 and pastel yellow pixels 249, 251, and 253. 
An example of the pattern detection instrument 213 which 
detects whether the pastel yellow pixel 253 coincides 
with a checkered pattern will be described . It is assumed 
that RGB signals of each pixel of black and pastel yellow 
are (R, G, B) = (Rl, Gl, Bl) for 248, (R, G, B) = (R2, 
G2, B2) for 249, (R, G, B) = (R3, G3, B3) for 250, (R, 
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G, B) = (R4, G4, B4) for 251, (R, G, B) = (R5, G5, B5) 

for 252, (R, G, B) = (R6, G6, B6) for 253. 

[0380] 

A block structural diagram of the pattern detection 
instrument 213 is shown in Figure 23. The pattern 
detection instrument 213 is constituted of line memory 
254, eleven flip-flops (255, 256, and the like), and a 
first arithmetic unit 257. All of the above-mentioned 
eleven flip-flops supply the dot clock signal 268, which 
is a dot clock signal for the white display element driving 
instrument 208 and RGB display element driving instrument 
210 to determine the timing of display every pixel, as 
a basic clock. 
[0381] 

It is assumed that (R, G, B) = (R6, G6, B6) be inputted 
as an input signal. The (R6, G6, B6) are inputted into 
the line memory 254 . R, G, and B signals before one line 
are outputted from the line memory 254. Those data are 
(R, G, B) = (R3, G3, B3) . In addition, the signal R3 is 
inputted into the flip-flop 255, and the signal R2 before 
one pixel is outputted from the flip-flop 255 . Similarly, 
the signal R2 is inputted into the flip-flop 256, and 
the signal Rl before one pixel is outputted from the 
flip-flop 25 6 . Similarly, R4 and R5 signals are outputted 
from flip-flops . These Rl, R2, R3, R4 , R5, and R6 signals 
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are inputted into the first arithmetic unit 257. 
Similarly, the Gl, G2, G3, G4 , G5, G6, Bl, B2 , B3, B4 , 
B5, and B6 signals are also inputted into the first 
arithmetic unit 257. 
[0382] 

A flow chart of data processing performed by the 
arithmetic unit 257 is shown in Figure 24. When 
conditional expression | Rl - R3 | < Threshold 1 is true, 
it means that values of Rl and R3 are nearly equal . 
Similarly, when | Gl - G3 | < Threshold 1 and | Bl - B3 I 
< Threshold 1 are also true, it means that (R, G, B) = 
(Rl, Gl, Bl) and (R, G, B) = (R3, G3, B3) have similar 
signal values. That is, it means that signal values of 
a black pixel 248 and a black pixel 250 are nearly equal. 
Hence, all of the followings are true: 

|R1 - R3| < Threshold 1, | Gl - G3 | < Threshold 1, 
|B1 - B3 | < Threshold 1 

|R3 - R5| < Threshold 1, | G3 - G5 | < Threshold 1, 
|B3 - B5 | < Threshold 1 

|R2 - R4 | < Threshold 1, | G2 - G4 | < Threshold 1, 
|B2 - B4 | < Threshold 1 

|R4 - R6 | < Threshold 1, | G4 - G6 | < Threshold 1, 
|B4 - B6| < Threshold 1, 

it means that colors of the black pixels 248 and 250, 
black pixels 250 and 252, pastel yellow pixels 249 and 



251, and pastel yellow pixels 251 and 253 are similar, 

respectively . 

[0383] 

In addition, when | Rl - R2 | < Threshold 2 is true, 
it means that values of Rl and R2 nearly equal. Hence, 
anyone of | Rl - R2 | < Threshold 2, | Gl - G2 | < Threshold 
2, and | Bl - B2 | < Threshold 2 is false, it means that 
colors of the black pixel 248 and pastel yellow pixel 
249 differ. Hence, all of the followings are true: 

|R1 - R3| < Threshold 1, | Gl - G3 | < Threshold 1, 
|B1 - B3| < Threshold 1 

|R3 - R5| < Threshold 1, | G3 - G5 | < Threshold 1, 
|B3 - B5| < Threshold 1 

|R2 - R4 | < Threshold 1, | G2 - G4 | < Threshold 1, 
| B2 - B4 | < Threshold 1 

|R4 - R6| < Threshold 1, | G4 - G6 | < Threshold 1, 
|B4 - B6| < Threshold 1, 

and any one of the followings is false: 

|R1 - R2 | < Threshold 2, | Gl - G2 | < Threshold 2, 
|B1 - B2| < Threshold 2, 

the pastel yellow pixel 253 is apart of a checkered pattern, 

and pattern detection result outputs 0. 

[0384] 

When not fulfilling the above-mentioned conditions, 
the pastel yellow pixel 253 is not a part of the checkered 
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pattern, and the pattern detection result outputs 1 . For 
example, when | Rl - R3 | < Threshold 1 is false, red colors 
of pixels 248 and 250 differ and a checkered pattern is 
not constituted. In addition, for example, all of the 
followings are true: 

|R1 - R3 | < Threshold 1, | Gl - G3 | < Threshold 1, 
|B1 - B3 | < Threshold 1 

|R3 - R5 | < Threshold 1, | G3 - G5 | < Threshold 1, 
|B3 - B5 | < Threshold 1 

|R2 - R4 | < Threshold 1, | G2 - G4 | < Threshold 1, 
IB2 - B4 | < Threshold 1 

|R4 - R6 | < Threshold 1, |G4 - G6| < Threshold 1, 
|B4 - B6| < Threshold 1, 
and all of the followings are true: 

|R1 - R2| < Threshold 2, | Gl - G2 | < Threshold 2, 
|B1 - B2 | < Threshold 2, 

all of colors of pixels 248, 249, 250, 251, 252, and 253 
are similar, and a checkered pattern is not constituted. 
[0385] 

In addition, although the example of detecting 
whether the pastel yellow pixel 253 was a part of a 
checkered pattern was described in this fifth embodiment, 
it is not limited to this, but it may be sufficient to 
detect whether pixels 248, 249, 250, 251, and 252 are 
a part of a checkered pattern. However, in that case, 
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it is necessary to make the delay amount of output result 

coincide with other signals in Figure 14. 

[0386] 

For example, in the flow chart of Figure 24, when 
pattern detection coincides to detect that the pastel 
yellow pixel 251 is a part of a checkered pattern, it 
is necessary to delay an output of the color component 
separation and detection instrument 201, an output of 
the first selection instrument 205, a B signal of an input 
of the second selection instrument 206, an R signal and 
a B signal of an input of the white color component 
detection instrument 207, and an R signal and an B signal 
of an input of the RGB display element driving instrument 
210 by two clocks. 
[0387] 

In addition, although the example of detecting 
whether the pastel yellow pixel was a part of a checkered 
pattern was described in this fifth embodiment, it is 
not limited to this, but it may be sufficient to detect 
whether it is a part of another pattern. For example, 
it may be also sufficient to perform the pattern detection 
of the display region 245 as shown in Figure 21 . However, 
in that case, in the case of a checkered pattern or a 
pattern of the display region 245 as shown in Figure 21, 
pattern detection result is set at 0. That is, when in 
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agreement with one of patterns, it is made for the second 
selection instrument 206 to output the third B signal 
which is not given correction. 
[0388] 

Furthermore, although the example of performing 
frame alternation as first switching signal generation 
instrument was described in this fifth embodiment, it 
is also applicable to the above-mentioned case of not 
performing the frame alternation. For example, when not 
performing the frame alternation in Figure 20, an output 
of first selection instrument becomes the display region 
243. In this case, the display region 243 becomes low 
luminance in comparison with the display region 242, and 
hence, it does not become the correction to be intended. 
In addition, for example, when not performing the frame 
alternation in Figure 20, an output of the first selection 
instrument becomes the display region 244 . In this case, 
the display region 244 becomes low saturation in 
comparison with the display region 242, and hence, it 
does not become the correction to be intended. Hence, 
in such a case, when patterns coincide in the pattern 
detection instrument 213, the third B signal is outputted 
from second selection instrument. 
[0389] 
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In addition, although a checkered pattern was 
mentioned as an example as an example of predetermined 
condition, and the pattern detection of whether six 
chrominance signals displayed on six pixels were a part 
of the checkered pattern was described in this fifth 
embodiment, it may be also sufficient to detect whether 
all the chrominance signals displayed on the whole display 
region are a checkered pattern. 
[0390] 

Moreover, when a case that any one of an area displayed 
as the yellow pixels 236 and an area displayed as the 
white pixels 237 exists by 5% or larger than another side 
is made a predetermined condition, the pattern detection 
instrument 213 has only to detect whether it is 5% or 
less of threshold from the amount of chrominance signals 
displayed as yellow pixels 236, and chrominance signals 
displayed as white pixels 237, which are included in all 
the chrominance signals displayed on a display region. 
[0391] 

In addition, although it was described in this fifth 
embodiment that RGB signals were inputted into the display 
apparatus 212, it is not limited to this, but signals 
of expressing colors other than the RGB signals may be 
inputted . 
[0392] 
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Furthermore, although the display apparatus 212 
performed the processing of decreasing the sense of 
incongruity of yellow appearance in this fifth embodiment, 
it is also possible to perform the processing of decreasing 
the sense of incongruity of magenta or cyan. 
[0393] 

Furthermore, although the conversion which the first 
signal level conversion processing instrument 202 gives 
to a blue signal is linear conversion at a predetermined 
intensity level or higher as shown in Figure 2 (a) in this 
fifth embodiment, nonlinear conversion is acceptable. 
In short, the first signal level conversion processing 
instrument 202 has only to convert B signal inputted into 
the first signal level conversion processing instrument 
202 so as to become a signal whose value is reduced in 
comparison with the B signal at the time of an input. 
[0394] 

Moreover, in this embodiment, although the 
conversion which second signal level conversion 
processing instrument 203 gave to the blue signal was 
linear conversion up to the predetermined intensity level , 
it may be nonlinear conversion. In short, the second 
signal level conversion processing instrument 203 has 
only to convert the B signal inputted into the first signal 
level conversion processing instrument 202 so as to be 
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a large value in comparison with the B signal at the time 

of an input. 

[0395] 

(Embodiment 6) 

Next, a sixth embodiment will be described. 
[0396] 

In the sixth embodiment, a display apparatus will 
be explained which, even if a bright yellow (yellow with 
low saturation) , that is, pastel yellow display portion 
being surrounded by white or being adjacent to white, 
can decrease the sense of incongruity that visible color 
appears differently such as the pastel yellow display 
portion seeming greenish and the like, and further, can 
decrease the sense of incongruity that visible color 
appears differently by changing color correction 
processing even when the display portion does not fulfill 
a predetermined condition. 
[0397] 

Figure 25 is a structural diagram of the display 
apparatus in this sixth embodiment. 
[0398] 

A display apparatus 260 of Figure 25 is constituted 
of the color component separation and detection 
instrument 201, first signal level conversion processing 
instrument 2 02 , second signal level conversion processing 
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instrument 203, first switching signal generation 
instrument 204, first selection instrument 205, second 
selection instrument 206, white color component detection 
instrument 207, white display element driving instrument 
208, white display unit 209, RGB display element driving 
instrument 210, RGB display unit 211, pattern detection 
instrument 213, second switching signal generation 
instrument 258, and third selection instrument 259. 
[0399] 

The operation of the above-mentioned color component 
separation and detection instrument 201, first signal 
level conversion processing instrument 202 , second signal 
level conversion processing instrument 203, first 
switching signal generation instrument 204, first 
selection instrument 205, second selection instrument 
206, white color component detection instrument 207, 
white display element driving instrument 208, white 
display unit 209, RGB display element driving instrument 
210, and RGB display unit 211 is similar to the fifth 
embodiment, and hence, description is omitted. 
[0400] 

The structure shown in Figure 16(b) may be sufficient 
for the second switching signal generation instrument 
258, which generates the switching signal 230. The first 
switching signal generation instrument 204 has the 
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structure shown in Figure 16(a) similarly to the fifth 
embodiment, and generates the switching signal 226. 
Moreover, the third selection instrument 259 selects the 
switching signal 226 when '1' which means that a 
predetermined condition is not fulfilled is inputted from 
the pattern detection instrument 213, and selects the 
switching signal 230 when f 0 T which means that a 
predetermined condition is fulfilled is inputted. 
[0401] 

Hereinafter, the operation of the display apparatus 
260 of this sixth embodiment will be described. 
[0402] 

When the first selection instrument 5 is operated 
using the output result of the first switching signal 
generation instrument 204 when a checkered pattern is 
formed of the pastel yellow pixels 232 and black pixels 
241 whose pastel yellow display region is like 242 in 
Figure 20, a flicker arises since it becomes the frame 
alternation of the display region 243 of Figure 20, and 
the display region 244 of Figure 20. 
[0403] 

Then, when a checkered pattern is detected by the 
pattern detection instrument 213, its output is set at 
0. Then, an output of the third selection instrument 259 
serves as the switching signal 230 which is an output 
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of the second switching signal generation instrument 258 . 
A case where the switching signal 230 is used is shown 
in Figure 26. A display region 264 is a display region 
at the time of a certain frame which is displayed using 
the switching signal 230, and a display region 265 is 
a display region at the time of the next frame of the 
display region 264. When displaying the display region 
238 currently displayed only in the pastel yellow pixels 
232 on the basis of the switching signal 230, the yellow 
pixels 236 and white pixels 237 are displayed in turn 
spatially every two pixels as shown in Figure 19. 
[0404] 

Therefore, it is possible to avoid a flicker even 
if frame alternation is performed since the yellow pixels 
236 and white pixels 237 are displayed on the display 
region 264 at the time of a certain frame even if a pastel 
yellow display region is a checkered pattern like 242 
in Figure 26. 
[0405] 

In addition, it is equivalent to an example of such 
control of the present invention of being spatially 
displayed in turn every two or more pixel units to make 
it displayed in turn every two pixels as mentioned above. 
Moreover, it is not necessary to limit to "every two pixels 11 , 
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but, in short, it has only to be able to make displayed 

so as to be able to avoid a flicker. 

[0406] 

Furthermore, the switching signal 226 is equivalent 
to an example of the first switching signal, and the 
switching signal 230 is equivalent to an example of the 
second switching signal of the present invention. 
Moreover, the third selection instrument 259 is 
equivalent to an example of the switching signal selection 
instrument of the present invention. 
[0407] 

In addition, the color detection instrument of the 
present invention is equivalent to the color component 
separation instrument 201 in this sixth embodiment, and 
the color correction instrument of the present invention 
is equivalent to the first signal level conversion 
processing instrument 202 and second signal level 
conversion processing instrument in this sixth embodiment . 
Moreover, the judging instrument of the present invention 
is equivalent to, for example, the pattern detection 
instrument 213 in this sixth embodiment. In addition, 
the control device of the present invention is equivalent 
to, for example, the first switching signal generation 
instrument 204, second switching signal generation 
instrument 258, first selection instrument 205, second 
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selection instrument 206, and third selection instrument 
in the second embodiment. Moreover, the display 
instrument of the present invention is equivalent to, 
for example, the white color component detection 
instrument 207, white display element driving instrument 
208, white display unit 209, RGB display element driving 
instrument 210, and RGB display unit 211 in the second 
embodiment . 
[0408] 

In addition, the R (red) color, G (green) color, and 
B (blue) color of this sixth embodiment are examples of 
the three primary colors of the present invention, the 
RGB signals of this embodiment are examples of the 
chrominance signals of the present invention, and the 
yellow of this sixth embodiment is an example of the 
predetermined color of the present invention. 
[0409] 

Moreover, although the example of detecting whether 
a pastel yellow pixel is a part of a checkered pattern 
is described in this embodiment, it is not limited to 
this similarly to the fifth embodiment, but it may be 
sufficient to detect whether it is a part of another 
pattern . 
[0410] 
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Furthermore, although the example of performing 
frame alternation as first switching signal generation 
instrument is described in this embodiment, it is also 
applicable to a case of not performing the frame 
alternation, similarly to the fifth embodiment. 
[0411] 

In addition, although it is described in this sixth 
embodiment that RGB signals are inputted into the display 
apparatus 260, it is not limited to this, but signals 
of expressing colors other than the RGB signals may be 
inputted . 
[0412] 

Furthermore, although the display apparatus 260 
performed the processing, which decreased the sense of 
incongruity of yellow appearance, in this sixth 
embodiment, it is also possible to perform the processing 
which decreases the sense of incongruity of magenta or 
cyan . 
[0413] 

In addition, although the conversion which the first 
signal level conversion processing instrument 202 gave 
to a blue signal was linear conversion at a predetermined 
intensity level or higher as shown in Figure 2 (a) in this 
sixth embodiment, nonlinear conversion is acceptable. 
In short, the first signal level conversion processing 
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instrument 202 has only to convert the B signal inputted 
into the first signal level conversion processing 
instrument 202 so as to be a small value in comparison 
with the B signal at the time of an input. 
[0414] 

Furthermore, in this sixth embodiment, although the 
conversion which second signal level conversion 
processing instrument 203 gave to the blue signal was 
linear conversion up to the predetermined intensity level, 
it may be nonlinear conversion. In short, the second 
signal level conversion processing instrument 203 has 
only to convert the B signal inputted into the first signal 
level conversion processing instrument 202 so as to be 
a large value in comparison with the B signal at the time 
of the input. 
[0415] 

In the fifth embodiment, even if a bright yellow 
(yellow with low saturation), that is, pastel yellow 
display portion being surrounded by white or being 
adjacent to white, it was possible to decrease the sense 
of incongruity that visible color appears differently 
such as the pastel yellow display portion seeming greenish 
and the like when a display portion did not fulfill a 
predetermined condition . 
[0416] 
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In the sixth embodiment , even if a bright yellow 
(yellow with low saturation), that is, pastel yellow 
display portion being surrounded by white or being 
adjacent to white, it was possible to decrease the sense 
of incongruity that visible color appears differently 
such as the pastel yellow display portion seeming greenish 
and the like and further, to obtain the same effect by 
changing the processing even when the display portion 
did not fulfill a predetermined condition. 
[0417] 

( Embodiment 7 ) 

Hereafter, a seventh embodiment will be described. 
Although the fundamental structure of a display apparatus 
of this seventh embodiment is the same as the fifth 
embodiment, a predetermined condition differs from that 
of the fifth embodiment . Therefore, description will be 
performed with focusing on this difference. 

[0418] 

In this seventh embodiment, as a predetermined 
condition, it is made a condition that a plurality of 
pixels where chrominance signals including a yellow color 
component are displayed is not spatially displayed 
adjacently. This predetermined condition is equivalent 
to an example of the predetermined condition of the present 
invention . 
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[0419] 

The pixel 248 in Figure 22 is mentioned as an example, 
and pattern detection will be described below. 
[0420] 

Firstly, it is detected about the pixel 248 and pixel 
249 whether | Rl - R2 | < Threshold 1, I Gl - G2 | < Threshold 
1 , and | Bl - B2 I < Threshold 1 are fulfilled . When result 
is true, this means that colors of the pixel 248 and pixel 
24 9 are similar and means that two or more are adjacent, 
and hence, the pattern detection is ended and "1" is 
outputted to the arithmetic unit 214 since the 
predetermined condition is not fulfilled. 
[0421] 

When being false, it is detected about the pixel 248 
and pixel 251 whether | Rl - R4 | < Threshold 1, | Gl - G4 | 
< Threshold 1, and | Bl - B4 | < Threshold 1 are fulfilled. 
When result is true, this means that colors of the pixel 
248 and pixel 251 are similar and means that two or more 
are adjacent, and hence, the pattern detection is ended 
and "1" is outputted to the arithmetic unit 214 since 
the predetermined condition is not fulfilled. 
[0422] 

Moreover, when being false, it is detected whether 
colors of the pixel 249, and pixel 250 or pixel 252 which 
are horizontally adjacent to the pixel 248 are similar. 



Thus, the detection is performed one by one horizontally, 
about the pixel of the first line, and is moved to the 
next line when all of the detection results are false, 
and the detection is performed similarly to the above. 
Then, when truth is detected, the pattern detection is 
ended and "1" is outputted to the arithmetic unit 214. 
Furthermore, when being false even if the pattern 
detection about all the chrominance signals displayed 
in a display region is performed, "0" is outputted to 
the arithmetic unit 214. 
[0423] 

When the pattern detection is performed as mentioned 
above, the display apparatus 212 displays the yellow 
pixels 236 and white pixels 237 in turn spatially, and 
displays the chrominance signals, which do not include 
the predetermined color component, as it is, in a state 
that assumes that all the chrominance signals displayed 
on a predetermined display region include the yellow color 
component. At this time, the yellow pixels 236 and white 
pixels 237 may be also displayed every two or more pixels 
as shown in the display region 239 of Figure 19. 
Displaying in this way is equivalent to an example of 
the control of the present invention. 
[0424] 
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In addition, although the yellow pixels 236 and white 
pixels 237 were displayed in turn in the state that it 
was assumed that all the chrominance signals displayed 
on a predetermined display region included the yellow 
color component since the first B signal and second B 
signal were selected every pixel display, the first B 
signal and second B signal may be switched every display 
to a pixel of chrominance signals where the yellow color 
component is detected by the color component separation 
and detection instrument 1. In this case, as for the 
chrominance signals displayed on the display region 266 
of Figure 27, the yellow pixels 236 and white pixels 237 
are displayed in turn only every plural pixels, which 
are adjacent, like the display region 267, without all 
including the yellow color component . Displaying in this 
way is also equivalent to an example of the control of 
the present invention. 
[0425] 

In addition, the program of the present invention 
is a program for executing functions of all or a part 
of instrument of the display apparatus of the present 
invention mentioned above by a computer, and is a program 
which operates with collaborating with the computer. 
[0426] 



Moreover, the recording medium of the present 
invention is a recording medium which bears a program 
for executing functions of all or a part of instrument 
of the display apparatus of the present invention, 
mentioned above, by a computer, and is a recording medium 
for the above-mentioned program being readable by a 
computer and executing the above-mentioned functions with 
collaborating with the above-mentioned computer. 
[0427] 

In addition, the above-mentioned "a part of 
instrument" of the present invention means one or some 
instrument of a plurality of instrument. 
[0428] 

Moreover, the above-mentioned "functions of 
instrument" of the present invention means functions of 
all or a part of the above-mentioned instrument. 
[0429] 

Furthermore, the program of the present invention 
is a program for executing the operation of all or a part 
of steps of the display method of the present invention, 
as mentioned above, by a computer, and is a program which 
operates with collaborating with the computer. 
[0430] 

Moreover, the recording medium of the present 
invention is a recording medium which bears a program 
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for executing all or a part of operation of all or a part 
of steps of the display method of the present invention, 
mentioned above, by a computer, and is a recording medium 
for the above-mentioned program being readable by a 
computer and executing the above-mentioned operation with 
collaborating with the above-mentioned computer, 
[0431] 

In addition, the above-mentioned "a part of steps" 
of the present invention means one or some of a plurality 
of steps. 
[0432] 

Moreover, the above-mentioned "operation of steps" 
of the present invention means the operation of all or 
a part of the above-mentioned steps . 
[0433] 

In addition, one utilizing form of the program of 
the present invention may be an aspect of being recorded 
on a recording medium which can be read by a computer, 
and operating with collaborating with the computer. 
[0434] 

Moreover, one utilizing form of the program of the 
present invention may be an aspect of being transmitted 
inside a transmission medium, being read by a computer, 
and operating with collaborating with the computer. 
[0435] 
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Furthermore, as a recording medium, ROM and the like 
are included, and as transmission media, transmission 
media such as the Internet, light, radio waves, and 
acoustic waves are included. 
[0436] 

In addition, the computers of the present invention 
which is mentioned above may be not only pure hardware 
such as a CU, but also firmware, an OS, and what includes 
a peripheral device. 
[0437] 

Furthermore, as described above, the structure of 
the present invention may be realizednot onlyby software, 
but also by hardware. 

Industrial Applicability 
[0438] 

The display apparatus, display method, program, and 
recording medium according to the present invention are 
useful to a display apparatus , a display method, a program, 
and a recording medium for having an effect that the sense 
of incongruity of the visual aspect of color decreases, 
making one pixel displayable in four colors, that is, 
three primary colors and a white color, and inputting 
and displaying chrominance signals corresponding to a 
mixing ratio of the above-mentioned four colors. 



